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ABSTRACT
S to re r ,  Barry E . , M.A., June 1977 Zoology
Aspects o f  the Breeding Ecology o f  the Pygmy Nuthatch ( S i t ta  
pygmaea) and the Foraging Ecology o f  W intering Mixed-species 
Flocks in  Western Montana (114 pp.)
D ire c to r :  Dr. P h i l ip  L. Wright
Helpers a t the nest were reported a t 22 per cent o f  36 Pygmy Nut­
hatch nests stud ied in  C a l i fo rn ia  (N o rr is ,  1958), however few quan­
t i t a t i v e  data were given regard ing the s ig n if ic a n c e  o f  these add i­
t io n a l  b ird s .  One goal o f  the present study was to  document the 
occurrence o f  th is  phenomenon in  western Montana and make q u a n t i ta ­
t iv e  comparisons o f  the breeding ecology o f  nesting pa irs  w ith  and 
w ith o u t he lpers.
F i f t y - f i v e  b irds  were banded in  February, 1976 on two study areas 
located near Missoula, Montana. F ie ld  work continued through June, 
1976. Over 500 hours were spent in  the f i e l d ,  w ith  over 200 hours 
in  d i r e c t  observation o f  12 a c t iv e  nest s i te s .  Helpers were ob­
served a t  two nests, but a t on ly  one d id the helper p e rs is t  through­
out the breeding period.
The he lpe r, probably a male, p a r t ic ip a te d  in  excavation o f  nest 
c a v i t ie s ,  d e l iv e ry  o f  nest m a te r ia l ,  feeding o f  the female during 
in cub a tio n , feeding o f  n e s t l in g s ,  and removal o f  feca l sacs. Par­
t i c ip a t io n  by a l l  three b irds  was roughly equal, although the he lp­
er was less a c t ive  than the male in  feeding the female. The p a ir  
w ith  he lper d id not feed n e s t l in g s  a t a h igher ra te  than p a irs  
w ith o u t a he lper. T e r r i to r ie s  were mapped fo r  th ree nest s i te s ;  
the area fo r  the p a ir  w ith  the helper was in te rm edia te  in  s ize .
Only two nests fledged su cce ss fu l ly ,  in c lu d in g  the one w ith  the 
he lper. The question o f  i f ,  how, and whom a helper helps is  d is ­
cussed and helpers in  the Pygmy Nuthatch are considered in re la t io n  
to  the o r ie s  o f  t h e i r  e vo lu tion a ry  o r ig in .
During January, 1977 data were co l le c te d  on fo rag ing  Pygmy Nut­
hatches, Black-capped Chickadees (Parus a t r i c a p i l l u s ) , and Mountain 
Chickadees (^. gambeli) which occurred in  f lo c k s  o f  vary ing compo­
s i t io n .  Ponderosa pines were d iv ided  in to  s ix  fo rag ing  zones and 
the lo c a t io n  o f  each b ird  was recorded as i t  was observed in  scans 
o f  in d iv id u a l pines. Comparisons were made o f  the forag ing  niche 
when species were toge the r in  the same f lo c k  o r alone. Although 
niches tended to  broaden and become more a l ik e  when species foraged 
to g e the r, there were no s ig n i f i c a n t  d if fe ren ces  between frequency 
d is t r ib u t io n s  o f  observations in  the s ix  fo rag ing  zones, except 
th a t  Black-capped Chickadees used upper zones more in  the presence 
o f  Pygmy Nuthatches. The same comparisons were made when species 
were alone or toge ther in  the same t re e ,  w ith  the same re s u l ts .  
Temperature had no e f fe c t  on fo rag ing  zones, o r  on f lo c k  s ize .
i i
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CHAPTER I 
INTRODUCTION
The Pygmy Nuthatch ( S i t ta  pygmaea) is  a sedentary, permanent r e s i ­
dent o f  western Montana which is  a lso w ide ly  d is t r ib u te d  throughout the 
western United States in  appropria te  pine h a b i ta t .  I t  is  very s im i la r  in  
appearance, ecology, and behavior to  the Brown-headed Nuthatch (S i t ta  
p u s i l1 a) o f  the southeastern United States.
The on ly  s ig n i f i c a n t  account o f the breeding b io logy  o f  the Pygmy 
Nuthatch has been given by N orr is  (1958), working in  coastal Marin County, 
C a l i fo rn ia ,  as pa rt  o f a broad b iosystem atic  and l i f e  h is to ry  comparison 
o f  the Pygmy Nuthatch and the Brown-headed Nuthatch. Other, p r im a r i ly  
anecdota l, accounts o f  the breeding hab its  are sca tte red  throughout the 
l i t e r a t u r e  o f  the past 80 years (Gignoux, 1924; B le i t z ,  1951; Knorr,
1957; and o th e rs ) .
Two in te re s t in g  aspects o f  Pygmy Nuthatch b io logy  emerge from those 
accounts: (1) the Pygmy Nuthatch, u n l ik e  o ther nuthatches, occurs in
sm a ll,  h ig h ly  gregarious f lo c k s  during the non-breeding season; (2) N orr is  
reported th a t  22 per cent o f  36 nest s i te s  stud ied were attended by a 
t h i r d  b ird  in  a d d it io n  to  the two parents. This b i r d ,  a male, ass is ted  
in excavation o f nest c a v i t ie s  and care and feeding o f the young, but was 
probably not mated to  the female. An a d d it io n a l b i rd  also occurred a t  
some nests o f  the Brown-headed Nuthatch.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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So-ca lled  "helpers a t  the nest" have been reported in  over 130 
species worldwide (Skutch, 1961). Most o f  these re p o r ts ,  however, record 
on ly  s in g le ,  a typ ica l instances which probably occur in  many species from 
time to time. Fry (1972) be lieved th a t  the phenomenon may be o f  regu la r 
occurrence in  perhaps 50 species, out o f  an estimated worldwide to ta l  o f  
over 8,000. In North America, helpers have been we ll documented f o r  on ly  
a few species in  a d d it io n  to  the two nuthatches. These include the F lo r ­
ida Scrub Jay (though not the western subspecies) (Woolfenden, 1975), 
Mexican Jay (Brown, 1971, 1972), Pinyon Jay (Baida and Bateman, 1971), 
and Red-cockaded Woodpecker (L igon, 1970). B ra c k b i l l  (1971) has reported 
helpers a t  a nest o f  the Tufted Titmouse, but there is  no in d ic a t io n  o f  
how re g u la r ly  th is  occurs, although in  another Parid , the Long-ta iled  
T i t ,  i t  may be common (Gaston, 1973).
One goal o f  the present study was to  g ive a general d e s c r ip t io n  o f  
Pygmy Nuthatch breeding hab its  in  western Montana, w ith  p a r t ic u la r  em­
phasis on the documentation o f  the occurrence o f  helpers a t  the nest.
Fry (1972) believed th a t  helpers should not be expected a t  high la t i tu d e s ,  
because high m o r ta l i t y  caused by the severe w in te rs  would place a premium 
on the a b i l i t y  o f  a species to  achieve a high reproduction ra te ,  leav ing 
no non-breeders to  ac t as he lpers. Although he seems to  have erroneously 
genera lized the Marin County area to  the "ho t southern parts  o f  North 
America," western Montana should nevertheless represent a more severe 
c l im a t ic  regime.
More im p o rta n t ly  (assuming helpers occu rred ), I hoped to  ob ta in  
comparative q u a n t i ta t iv e  data s u f f i c ie n t  to  enable an assessment o f  the 
s ig n i f ic a n c e  o f  helpers in  the brooding ecology o f  in d iv id u a l nesting pa irs .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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In a ra th e r  unre la ted m a tte r ,  I hoped to  augment breeding data w ith  
in fo rm a tio n  on the fo rag ing  ecology o f  the mixed-species f lo c k s  which 
occur in  th is  area during the w in te r  months. The Pygmy Nuthatch is  an 
im portant component o f these f lo c k s ,  along w ith  the Black-capped Chick­
adee ( Parus a t r i c a p i l l u s ) and Mountain Chickadee (P̂ . gambeli ) ■ Other 
f lo c k  members inc lude the Red-breasted Nuthatch (S i t ta  canadensis) .  
White-breasted Nuthatch (^ . c a ro l in e n s is ) , Downy Woodpecker ( Picoides 
pubescens) , Ha iry Woodpecker (£. v i 1lo su s ) , Brown Creeper ( Certh ia 
f a m i l i a r i s ) , and Golden-crowned K in g le t ( Regulus sa trapa).
Many ideas have been advanced in  recent years concerning the advan­
tages o f  f lo c k in g  in  b i rd s ,  most authors b e lie v in g  th a t  f lo c k in g  must 
lower the r is k  o f  predation to ,  o r increase the fo rag ing  e f f ic ie n c y  o f ,  
p a r t ic ip a t in g  b irds  (Moynihan, 1962; Morse, 1970; Cody, 1971; Murton,
1972; Lazarus, 1972; Krebs, 1973). Several theories  dealing w ith  the 
p o s s ib i l i t y  o f  increased fo rag ing  e f f ic ie n c y  have a lso d e a lt  w ith  the 
p a r t ic u la r  advantages which might be associated w ith  fo rag ing  in  mixed- 
species f lo c k s .
Moynihan (1962) proposed th a t  mixed-species f lo c k s  would reduce 
in t r a s p e c i f ic  com petit ion  by reducing the number o f  in d iv id u a ls  o f  each 
species which would be necessary to  achieve optimum f lo c k  s iz e ,  whatever 
th a t  might be and f o r  whatever reason. A study by Morse (1970) in d ica ted  
th a t  some species m ight become more spec ia lized  in  the presence o f  eco­
lo g ic a l l y  s im i la r  species. He theorized  th a t  w ith  increased niche sep­
a ra t io n ,  each species would e x p lo i t  i t s  p a r t ic u la r  niche more e x te n s ive ly ,  
r e s u l t in g  in  an increase in  the o v e ra l l  e f f ic ie n c y  o f  e x p lo i ta t io n  o f  the 
food resource. Krebs (1973), on che o ther hand, working experim en ta lly
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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w ith  Black-capped Chickadees and Cestnut-backed Chickadees (Parus 
ru fescens) , found th a t  the two species d iv e r s i f ie d  t h e i r  fo rag ing  pa tte rns  
when feeding together and lessened niche d i f fe re n c e s .  He thus f e l t  th a t  
the advantage o f  mixed-species f lo c k s  would occur in  the a b i l i t y  o f  a 
number o f  n o t - to o -d i f fe re n t  species to scan the o ve ra l l  food resource, 
and, through soc ia l le a rn in g ,  gain knowledge o f  the best fo rag ing  areas. 
This theo ry , besides the existence o f  experimental evidence fo r  i t ,  is  
a lso  more appealing than Morse's in  terms o f  in d iv id u a l se le c t io n .
With the knowledge both th a t  chickadees and nuthatches occur in  th is  
area in  both s in g le -  and mixed-species f lo c k s ,  and th a t  t h e i r  fo rag ing  
niches are reasonably s im i la r  (Bock, 1969), i t  was my in te n t io n  to 
address the l a t t e r  two hypotheses by look ing  fo r  broadening o r narrowing 
o f  the fo rag ing  niche when species foraged in  each o th e r 's  presence.
Although fo rag ing  niche segregation can occur along many d i f f e r e n t  
dimensions ( s p a t ia l ,  temporal, food ty p e ) ,  MacArthur and MacArthur (1961) 
argue th a t  the s p a t ia l one is  the most e f f i c i e n t  fo r  separating fo rag ing  
b ird s .  Temporal separation fo r  b irds  fo rag ing  in the same f lo c k  would 
be nonex is ten t. Use o f  d i f f e r e n t  food types, not themselves s p a t ia l ly  
separated, would req u ire  th a t  each species forage over the e n t i re  s p a t ia l 
dimension; c le a r ly  more in e f f i c i e n t ,  f o r  a g e n e ra l is t ,  than concen tra tion  
o f  e f f o r t  in  one lo c a t io n .  F o rtu n a te ly ,  the most l i k e l y  dimension to  
look a t is  a lso the eas ies t one to  look a t.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I  
METHODS
F ie ld  work began in  e a r ly  January o f  1976, when I began in v e s t ig a t ­
ing p o te n t ia l study s i te s ,  and continued u n t i l  the end o f  June, a f te r  
a l l  young had fledged. During th is  time 110 t r ip s  were made to  the study 
areas, w ith  time in  the f i e l d  to ta l in g  511 hours.
D escrip tion  o f  the Study Areas
Both study s i te s  were located along the southwestern edge o f  the 
Missoula v a l le y  (F ig . 1 ) ,  ad jacent to  and in c lu d in g  the lowermost e leva­
t io n s  o f  a complex o f  r idges and low mountains, known as Blue Mountain, 
which reaches a maximum e le va tio n  o f  1,970 meters.
One study s i t e ,  located w i th in  the USFS Blue Mountain Recreation 
Area and henceforth re fe rre d  to  as the Blue Mountain study s i t e ,  com­
prises  open grassland o f  ge n tle  r e l i e f ,  w ith  patches o f  con iferous growth. 
This growth occurs f a i r l y  densely w i th in  the confines o f  several sm a ll,  
shallow ravines which d ra in  the area; otherw ise i t  is  sca tte red and open. 
The upper edge o f  the study area term inates in  more extensive con iferous 
growth which covers most o f  the mountainous area beyond. E levation 
ranges from about 970 meters, 0.6 km from the B i t t e r r o o t  R ive r, to  about 
1,070 meters. Total area is  about 200 hectares.
The o ther s i t e  was 1.5 km to  the south o f  the Blue Mountain s i t e .  
Access was from the p roperty  o f  Dr. Leroy Anderson, and henceforth th is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1: Location  o f  the two s tudy areas.
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8 ,
s i t e  w i l l  be re fe rre d  to  as the Anderson study s i t e .  The characte r o f  
t h is  s i t e  is  q u ite  d i f f e r e n t  from th a t  o f  the Blue Mountain s i t e :  slope
is  about 40 per cen t, the ground is  strewn w ith  overgrown ta lu s ,  and 
trees are more un ifo rm ly  d is t r ib u te d  over the area. The study s i t e  faces 
to  the southeast along the side o f  a r id g e ,  ranging in  e leva tion  from 
1,000 meters to  1,130 meters. Total area is  about 50 hectares.
The predominant t re e  species on both s i te s  is  ponderosa pine ( Pinus 
ponderosa) , w ith  a very occasional Douglas f i r  ( Pseudotsuga m e n z ie s i i) .  
Small stand o f  quaking aspen ( Populus trem u lo ides) occur on both s i te s .  
Both s i te s  are g e n e ra l ly  devoid o f  deciduous undergrowth, except in  the 
m ois te r ravines o f  the Blue Mountain s i t e .
The Anderson s i t e  was burned over several years ago, re s u lt in g  in  an 
abundance o f  snags and stubs in  various stages o f  decay, as w e ll as 
numerous f a l le n  logs.
Trapping and Banding
In e a r ly  February o f  1976, fee d ing -trapp ing  s ta t io n s  were estab­
l ish e d  a t  two lo ca t io ns  on the Blue Mountain study area. These consisted 
o f  simple hardward c lo th  enclosures, w ith  funnel-shaped entrances a t  top 
and bottom and a door on the f r o n t ,  which were strapped to  a t re e  w ith  
e la s t ic  cord. Suet was placed in s id e  the enclosure and the door was 
l e f t  open f o r  several days, during which time b irds  became accustomed to  
feeding a t  one o f the lo c a t io n s .
A s in g le  t ra p  was placed ou ts ide  the Anderson's house. B irds 
q u ic k ly  accepted th is  dev ice , as there  were o ther feeders present and 
they were accustomed to  using them.
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From 13 February to  12 March, 55 b irds  were trapped and banded, 35 
a t the Anderson s i t e  and 20 a t  the Blue Mountain s i t e .  At times th is  was 
very easy to  do, owing to  the h ig h ly  gregarious nature o f  the feeding 
f lo c k s .  As many as f iv e  b irds  were trapped a t  once a t Anderson's, and 
i t  was the ru le ,  ra th e r  than the exception, to  take two o r three a t  a 
tim e. S u rp r is in g ly ,  o ther species occurr ing  w ith  the Pygmy Nuthatches 
were trapped only in f re q u e n t ly ,  even though they fed re g u la r ly  a t  the 
traps when the doors were open.
B irds were in d iv id u a l ly  marked w ith  a combination o f  from one to  
three c e l lu lo id  co lo r  bands (red , w h ite , ye l lo w , b lue , green, v io le t ,  
orange, and b lack) on e i th e r  leg . Some c o lo r  combinations were used a t  
both s i te s ,  however b irds  trapped a t  Blue Mountain were color-banded on 
the r ig h t  l e t  and those a t  Anderson's on the l e f t  le g , so th a t  in d iv id ­
uals from one s i t e  could s t i l l  be d is t ing u ishe d  on the o the r. An aluminum 
Fish and W i ld l i f e  Service band was placed on the opposite leg. For fu tu re  
s tud ies , no more than two bands should be placed on a le g ; th ree bands 
caused some b irds  to  move awkwardly.
During the l a t t e r  p a r t  o f  the banding period and in  the weeks fo l lo w ­
in g , the study s i te s  were traversed f re q u e n t ly  and p o te n t ia l nest s i te s
were loca ted . I had hoped i t  would be poss ib le  a t  th a t  time to  fo l lo w
the movements o f  marked b irds  on the study areas, but the manner and lo ­
ca t ion  in  which these small b ird s  foraged made th is  impossible.
Observations o f  Nesting A c t iv i t y
During the time o f  excavation, in cub a t io n , and feeding o f  ne s t l in g s
several observation periods from 1 to 4 hours long were conducted a t  
a c t iv e  nest s i te s .  A l l  observations were made w ith  a 20X sp o tt ing  scope
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and a 9 X 36 b ino cu la r ,  a t  a d istance o f  from 15 to  40 meters from the 
nest t re e .  No b l in d  was used.
During these observation pe riods , note was made o f  a c t i v i t i e s  such 
as excavation, b r ing ing  o f nest m a te r ia l ,  entrance and e x i t  o f b ird s ,  
feeding o f  the female, feeding o f  n e s t l in g s ,  and removal o f  feca l sacs. 
General note was made o f  o ther a c t i v i t y  which occurred, such as in te r ­
ac tions  o f  pa irs  and threesomes w ith  each o ther and w ith  o ther species. 
B irds a t  the nest s i te s  were u s u a l ly ,  though not always, id e n t i f ia b le .
Although nest s i te s  were approached as l i t t l e  as poss ib le , a t  i n t e r ­
va ls  nests were checked to  determine c lu tc h  s ize  or the con d it ion  o f 
n e s t l in g s .  Most nests required a step ladder o r  extension ladder to  reach 
the nest c a v i ty ;  dental m ir ro r  and f la s h l i g h t  were used to  view the in ­
t e r io r .  Some nests were judged inaccess ib le  w ith  reasonable sa fe ty  or 
w ith o u t unreasonable d is tu rbance o f  the nest s i t e .  Subsequent to  death 
or f le d g in g  o f  the n e s t l in g s ,  most accessib le  nest s i te s  were opened and 
measurements were taken o f i n t e r io r  dimensions.
T e r r i to r y
Boundaries o f  three t e r r i t o r i e s  were determined w h ile  b irds  were 
f ly in g  to  and from the nest w h ile  feeding n e s t l in g s .  Trees v is i te d  by 
fo rag ing  b irds  were marked w ith  thumbtacks. A f te r  16 hours o f  marking 
f o r  a given t e r r i t o r y ,  the trees fa r th e s t  from the nest s i te  were mapped 
w ith  compass and tape measure.
W inter F locking
Data on the fo rag ing  zones o f  fo rag ing  Pygmy Nuthatches, B lack- 
capped Chichadees and Mountain Chickadees were gathered during 15 t r i p s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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to  the Blue Mountain study area made trom 7 January to  9 February, 1977.
Ponderosa pines were d iv ided  in to  s ix  fo rag ing  zones, as depicted 
in F igure 2. Zone IL comprised the major t re e  branches in  the lower h a l f
o f  the t re e ,  zone 2L the secondary branches ra d ia t in g  from zone IL ,  and
zone 3L the sm allest branches, fo l ia g e ,  and cones a t  the ends o f  the 
branches o f  zone 2L. Zones lU , 2U, and 31) repeated th is  h ierarchy in  
the upper h a l f  o f  the t re e .
The in te n t io n  was, once a f lo c k  had been encountered, to  choose in ­
d iv id u a ls  randomly and record the zone in  which they were fo ra g in g . This
concept is  easy to  express but d i f f i c u l t  to  re a l iz e  in  the f i e l d .  Obvi­
ous ly , b irds  which are not v is ib le  cannot be chosen, so i t  must be 
assumed th a t  b irds  which are v is ib le  occur in  the various zones in  the 
same proportions  as a l l  b ird s .  This may be a reasonable assumption fo r  
the r e la t i v e ly  open growth h a b it  o f most ponderosa pines. Although one 
can se le c t b irds  haphazardly, one can hard ly  se le c t them randomly, and 
the p o s s ib i l i t y  o f  unconscious observer bias is  re a l .  For th is  reason I 
chose a technique which, though not p e r fe c t ,  should have removed system­
a t ic  observer b ias. Upon encountering a f lo c k ,  the method invo lved 
choosing a tre e  which was observed to  have any b irds  a t  a l l  in  i t ,  and 
then w ith  a b inocu la r s y s te m a tica lly  scanning the t re e  from top to  bottom 
and recording the lo c a t io n  o f  each b ird  the in s ta n t  when i t  was f i r s t  
seen. No b ird  was d e l ib e ra te ly  observed tw ice , although th is  must have 
occurred on occasion. No t re e  was scanned more than once unless i t  was 
reasonably c le a r  th a t  i t  was occupied by a new group o f  b ird s .  For each 
f lo c k  encountered the number o f  in d iv id u a ls  o f  each species was a lso 
recorded.
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Figure 2: The s ix  fo ra g in g  zones in  ponderosa p ip ines
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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These data were co l le c te d  on and adjacent to  the Blue Mountain study 
area, the  area being traversed in  a haphazard fash ion among lo ca t io ns  
where f lo c k s  could be expected to  occur. There was no way o f  knowing 
whether some f lo cks  were encountered and observed more than once; undoubt­
ed ly they were, however I be lieve  th a t  th is  th e o re t ic a l  v io la t io n  o f  inde­
pendence o f  observations should not be o f  p ra c t ic a l  importance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I I A  
RESULTS: BREEDING
Nineteen s ite s  were discovered on the two study areas which a t  some
time had b irds  associated w ith  them in  a manner which suggested t h e i r
p o te n t ia l as nest s i te s ,  i e . , b irds  e i th e r  frequenting  e x is t in g  c a v i t ie s
or excavating new ones. U n fo r tu n a te ly ,  b irds  pers is ted  throughout the 
study a t on ly 12 s i te s .
Early  in  the year there was a moderate amount o f  i n s t a b i l i t y  in  the 
assoc ia tion  o f  b irds  and nest s i te s .  Some nest s i te s  were associated 
w ith  more than one p a ir  o f  b i rd s ,  some b irds  were associated w ith  more 
than one nest s i t e ,  and in  a couple o f  instances new mates were acquired.
B irds associated w ith  the 12 a c t iv e  nest s i te s  accounted f o r  on ly  19 
o f  the 55 b irds  which had been banded (35%). A few a d d it io n a l banded 
b irds  were seen on the study area when nest s i te s  were being in ve s t ig a te d ,  
but not during the actua l breeding pe riod . Although the o ther banded 
b irds  were undoubtedly present in  the v i c i n i t y  o f  the study areas, the 
p o te n t ia l area involved was too la rge  and the a v a i la b le  time was too 
small f o r  a search to  be p ra c t ic a l .  On the Anderson study area, the 
presence o f  a p l e n t i f u l ,  s tab le  food supply a t  the banding s ta t io n  
(feeders present fo r  several years) would seem to  be involved in  the low 
percentage o f  banded b irds  on the study area, but there  is  no in d ic a t io n  
as to  whether b irds  h a b i tu a l ly  forage over a wide area or were s p e c i f i ­
c a l l y  a t t ra c te d  to  th a t  lo c a t io n .  I t  seems u n l ik e ly  th a t  the feeding
15
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s ta t io n  which I es tab lished  a t  Blue Mountain could have achieved s im i la r  
s ta tu s .
Three b irds  were associa ted, a t  one time or another, w ith  3 o f  the 
a c t iv e  nest s i te s  (A l,  A5, A6). At A1, the th i r d  b ird  was observed on 
only one occasion and should ha rd ly  be categorized as a helper a t  the 
nest. At A5, a t h i r d  b ird  p a r t ic ip a te d  in  excavation over a period o f  
12 days, and then disappeared. I have no idea whether i t  l e f t  o f  i t s  own 
accord, was driven ou t,  or was k i l l e d .  Only a t  A6 was a helper present 
throughout the e n t i re  course o f  breeding a c t i v i t y .
Most o f  the data taken on breeding a c t i v i t y  and presented henceforth 
were obtained from observations on the threesome a t  A6 and f i v e  o f  the 
p a irs .  The remaining 6 o f  the 12 a c t iv e  nest s i te s  were o f l im ite d  use 
e i th e r  because the b irds  were unbanded (811, 813), the b irds  did not 
breed (A l ,  A5), or the s ite s  were d i f f i c u l t  to  observe (A2, A4).
For fu tu re  re fe rence . Table 1 summarizes the a c t iv e  nest s i te s  and 
associated b ird s ;  sexes were in fe r re d  from la te r  breeding a c t i v i t y .
Table 2 summarizes the physical c h a ra c te r is t ic s  o f  most o f  the a c t iv e  
nest s i t e s ,  and Figure 3 and 4 loca te  the s i te s  on the Blue Mountain and 
Anderson study areas, re s p e c t iv e ly .
Excavation and P re-incubation  A c t iv i t y
Excavation. The amount o f  excavation a c t i v i t y  (defined as a b i rd  
pecking a t  o r  d iscard ing  debris  from a c a v i ty )  occurr ing  a t  the a c t iv e  
nest s i te s  va r ied  g re a t ly .  S ig n i f ic a n t  a c t i v i t y ,  in vo lv in g  excavation 
o f  a complete ly new nest c a v i ty ,  occurred on ly  a t  81, 82, and AS, and 
po ss ib ly  a t  A2. At the o the r extreme, no a c t i v i t y  o f  any kind was ob­
served a t  Al and A6. Occasional a c t i v i t y  was observed a t  A3 and 89.
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Table 1: B irds associated w ith  the a c t iv e  nest s i te s
Date f i r s t
Nest s i t e d i scovered Bi rd Sex
Al 16 March BR ?
WO ?
VR ?
A2 7 A p r i l UB M
BV F
A3 23 A p r i l YG M
YR F
A4 11 A p r i l W ?
VY ?
A5 11 A p r i l RO M
KW F
BY H
A6 7 A p r i l BW M
UB F
WG H
B1 22 March Y M
WY F
B2 5 A p r i l RV M
UB F
B9 24 A p r i l RY M
UB F
B l l 7 May LIB ?
UB ?
B12 S May YW M
YWR F
B13 13 May UB ?
UB ?
M=male, F=female, H=helper, UB=unbanded b ird
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Table 2: Characteris tics of some o f the active nest s ites . A ll
except B l l  are Pinus ponderosa. B l l  is  Populus tremuloides.
C/)
C/)
CD
8
3
Cavity
Nest s i te  DBH Height height 
(cm.) (meters) (meters)
Condition o f tree
3 .3"
CD
CD
■D
O
Q.
C
a
o3
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o
CD
Q.
■D
CD
C/)
C/)
A2
A3
A6
B1
B2
89
Bll
B12
B13
21 2.9 1.8 Stub w/ bark in ta c t ,  stubs o f
branches, extensive decay.
28 6.5 5.0 Densely branched snag, no bark,
some decay.
39 6.7 6.5 Living pine w/ broken top, lo ­
cal decay on side where nest 
located.
34 6.4 4.4 Densely, branched snag, no
bark, some decay.
32 1.7 1.3 Stub w/ bark in ta c t ,  extensive
decay.
Liv ing pine w/ broken top, 
local decay where nest located.
14 6.2 5.5 Mostly dead snag, some
branches, bark in ta c t .
59 25 1.1 Living pine with area of
decay at nest.
63 20 0.9 L iv ing pine w ith area of
decay at nest.
General location
Among scattered pines on slope.
Within lo c a l ly  dense growth o f 
smaller pines.
Single tree in opening among 
scattered pines on slope.
At edge o f f a i r l y  dense pine 
growth.
Within pine growth of small 
ravine.
Single tree in fo res t opening 
(road and parking lo t ) .
In aspen th icke t adjacent to 
growth o f pines.
Open grassland, other sca tte r­
ed pines nearby.
Open grassland, other sca tte r­
ed pines nearby. 00
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Figure 3: Blue Mountain study area and a c t iv e  nest s i te s .
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Figure 4: Anderson study area and a c t iv e  nes t s i te s
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The remaining s i te s ,  B l l ,  B12, and BIS, were not discovered u n t i l  exca­
va t io n  a c t i v i t y  a t  o the r s i te s  had la rg e ly  ceased, and no s ig n i f i c a n t  
a c t i v i t y  was observed the re , although the p a ir  a t  B12 d id  excavate a t  
o ther lo ca t io n s .
Examination o f completed nest c a v i t ie s  whose h is to r ie s  were unknown 
u su a l ly  y ie lded  an ambiguous in d ic a t io n  as to  whether they had been pre­
v io u s ly  excavated by nuthatches or resu lted  from natura l decay o f  the 
stub or snag.
The c a v i t ie s  a t B12 and B13, both located a t  low e leva tion  in  a 
l i v in g  p ine , appeared n a tu ra l ly  formed. The ir  p e cu l ia r  lo ca t io n  appar­
e n t ly  can re s u l t  from the tre e  being s u p e r f ic ia l l y  damaged a t  an e a r l ie r  
t im e, the bark and ou ter cambium growing up around the wound, leav ing a 
s l i t - l i k e  depression w i th in  which decay o f  the damaged area can occur.
The c a v i ty  a t B l l ,  cu t open la te r  in  the year, appeared to  have 
been almost e n t i r e ly  excavated. The sides o f  the c a v i ty  showed the same 
te x tu re  as o ther c a v i t ie s  known to have been excavated. A l l  the o ther 
c a v i t ie s  o f  unknown o r ig in  appeared m o d if ica t io n s  to  a g rea te r o r lesser 
exten t o f  c a v i t ie s  caused by natura l decay. Indeed, t h is  is  probably 
tru e  o f  nearly  a l l  Pygmy Nuthatch c a v i t ie s ,  as these b irds  are su re ly  
not capable o f  b ru te - fo rc e  excavation o f  anyth ing but reasonably w e l l -  
decayed m a te r ia l .  In p a r t ic u la r ,  A3 showed i r r e g u la r i t y  where a branch 
passed outward through the c a v i ty  space. The b irds  had been unable to 
remove the heartwood o f  the branch, leav ing i t  suspended in  m id -a ir  
along one side o f  the c a v i ty .
I t  appears th a t  the Pygmy Nuthatch should thus be characte rized  as 
a primary nester (excavates i t s  own c a v i ty ) ,  though an o p p o r tu n is t ic  one.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
24
I t  gave no in d ic a t io n  o f being a secondary n e s te r , in  the sense o f  using 
c a v i t ie s  excavated by o the r species; one reason undoubtedly being th a t  
the on ly  primary nester th a t  excavated on the study areas, the Common 
F l ic k e r  ( Colaptes au ra tu s ) ,  l e f t  c a v i t ie s  c le a r ly  too la rge  to  be s u i t ­
able f o r  a Pygmy Nuthatch.
Table 3 summarizes the to ta l  excavation a c t i v i t y  a t a c t iv e  nest 
s i te s  observed during the period 3 A p r i l  to  15 May. Except f o r  B12, the 
b ird s  which spent the most time excavating were those a t B1 and B2, 
which excavated complete c a v i t ie s .  Data fo r  B12 re fe r  to  excavation by 
the b irds  th a t  nested a t  B12, not the s i t e  i t s e l f .  This p a ir  was en­
countered on three separate occasions excavating several hundred meters 
from B12, a t s i te s  B5 and B6. Thus the data should not be compared to 
th a t  from o ther s i te s ,  and the percentage o f  time in  excavation is  very 
high because observation periods were conducted on ly when, by chance, 
the b irds  were encountered engaged in  th is  unusual a c t i v i t y .
A c t i v i t y  by each sex in  pa irs  is  summarized in  Table 4. The mean 
length  o f  excavation bouts by males (x = 9.2 m in .) is  very c lose to  th a t  
by females (x = 9.9 m in .) .  The o ve ra l l  r a t io  o f  excavation bouts by 
males and females does not s ig n i f i c a n t l y  d i f f e r  from 1:1 (X^ = .62, 
-99>p>.75).
A c t i v i t y  by the threesome a t  A6 is  summarized in  Table 5. I t  should 
be noted th a t  these b irds  were sub jec t to  con tinua l harassment by o ther 
species: f i r s t  by a p a ir  o f  Mountain B lueb irds ( S ia l ia  curruco ides) th a t
was nesting on ly  0.5 m. away in  the same dead t re e ,  and la te r  by Lewis' 
Woodpeckers (Melanerpes le w is ) th a t  were nesting in  an ad jacent dead 
tre e  25 m. away. This harassment may we ll account f o r  the fa c t  th a t  the
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Table 3: Total excavation a c t i v i t y  a t a c t ive  nest s i te s .
Nest s i t e time (m in .) bouts minutes in  excavation
A1 240 1 0.5 0.2
A2 100 4 32.0 32.0
A3 155 7 33.0 21.3
AS 490 23 183.0 37.4
A6 265 0 0.0 0.0
B1 350 14 183.0 52.3
B2 400 22 240.0 60.0
B9 40 1 10.0 25.0
B12** 65 10 58.0 89.3
2105 82 739.5 35.1
Average bout leng th : 9.0 minutes
* *  see te x t
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Table 4: Excavation by males and females in  pa irs
Excavation by males Excavation by females
;s t  s i t e bouts minutes per cent bouts minutes per cent
A2 2 17.0 53.2 2 15.0 46.8
A3 3 13.0 39.4 4 20.0 60.6
B1 8 88.5 48.4 6 94.5 51.6
B2 8 97.5 40.6 14 142.5 59.4
B9 0 0.0 0.0 1 10.0 100.0
B12** _S 24.0 41.4 _5 34.0 58.6
26 240.0 43.2 32 316.0 56.8
* *  see te x t
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Table 5: Excavation by the birds at A5.
Excavation by male Excavation by female Excavation by helper
Girds present bouts minutes per cent bouts minutes per cent bouts minutes per cent
3 (RO,KW,BY) 3 . 28.5 27.1 4 13.5 12.9 3 63.0 60,0
2 (RO,KW) _9 5 2 ^  67.3 4 2 ^  32.7 _  ____
12 , 81.0 8 39.0 3 63.0
ro''j
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percentage o f  time during which one o f the threesome was excavating was 
lower than th a t  f o r  the p a irs  a t  B1 and B2, even though a l l  were excavat­
ing complete c a v i t ie s .
The sexes o f  the b irds  a t  A5 can be known f a i r l y  c e r ta in ly  even 
though they were not successful in  breeding. On one occasion, RO was 
observed to  feed KW, in d ic a t in g  th a t  RO was a male and KW a female (see 
section under in cu b a t io n ) .  The t h i r d  b i rd ,  BY, a c tu a l ly  was associated 
w ith  the s i t e  on ly  a sho rt length o f  time. He was f i r s t  seen on 11 A p r i l ,  
excavated on three separate occasions (though once on the wrong h o le ! ) ,  
and was not seen a f te r  23 A p r i l .
With three b irds  present i t  appears th a t  the helper may have been 
doing the l i o n 's  share o f  the work, however h is t o ta l  includes on e x tra ­
o r d in a r i l y  long bout o f  42.5 minutes. In f a c t ,  there is  no s t a t i s t i c a l l y  
s ig n i f i c a n t  d if fe re n c e  in  the bout lengths (F = 2.48, p>.05) or in  the 
number o f  bouts by each b ird  (X^ = .20, .95>p>.75). With on ly two b irds  
excavating the d i f fe re n ce s  are again not s ig n i f ic a n t  (number o f  bouts,
X2 = 1.92, .25>p>.10; bout le n g th , t  = 2.14, .10>p>.05).
C av ity  dimensions. Several nests were opened a t  the end o f  the 
breeding season and measurements taken. Generally they were gourd-shaped, 
though w ith  a great deal o f i r r e g u la r i t y .  Figure 5 sketches the p ro to ­
ty p ic a l  Pygmy Nuthatch c a v i ty  which might re s u l t  from b irds  excavating 
in  a p e r fe c t ly  homogeneous and workable medium.
Nest m a te r ia l . During the la s t  few days o f  excavation, b irds  began 
to  b ring  occasional b i ts  o f  nest m a te ria l in to  the nest c a v i t ie s ,  a t 
times w h ile  t h e i r  mates were a c t iv e ly  excavating. This a c t i v i t y  was ob­
served i r r e g u la r ly  over the next few weeks, in to  the time when incubation
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Figure 5: "Composite" Pygmy Nuthatch nest c a v i t y  which m ight r e s u l t
i f  b ird s  excavated in  a p e r fe c t ly  homogeneous and workable 
medium.
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was underway. D e liv e r ie s  o f  nest m a te ria l were u su a l ly  made a t  a ra th e r  
low ra te ,  on ly  2 o r 3 b i ts  per hour, although a t B2 and e s p e c ia l ly  A6, 
d e l iv e r ie s  were sometimes made a t a ra te  o f  10 or 12 per hour.
Table 6 summarizes the b i ts  o f  nest m ate ria l brought a t s i te s  where 
th is  was observed. In p a irs ,  the re  was no s ig n i f ic a n t  d i f fe re n c e  in  the 
to ta l  number o f d e l iv e r ie s  made by males and females, e i th e r  before the 
s ta r t  o f incubation (X^ = .11, .75>p>.50), o r  once incubation was under­
way (X^ = .62, .50>p>.25). For the threesome a t A6, there  was a s ig n i ­
f ic a n t  d i f fe re n c e  in  the d e l iv e r ie s  made by each b ird  before incubation 
(X^ = .6 .2 ,  .05>p>.025), w ith  the helper d e l iv e r in g  the le a s t .  A f te r  the 
s t a r t  o f  incuba tion , the d i f fe re n c e  was a lso s ig n i f i c a n t  (X^ = 15.67, 
.001>p), th is  time the female d e l iv e r in g  the le a s t .
No attempt was made to  q u a n t i fy  the amount and type o f  nest m a te ria l 
in the c a v i t ie s ,  but i t  consisted mostly o f  fe a th e rs , pieces o f  moss, and 
o ther b i ts  o f  vege ta tion , covering the bottom o f  the nest c a v i ty  to  a 
depth o f  from 2 to  4 cm. B its  o f  s im i la r  m ate ria l were s tu f fe d  in to  
c rev ices in  o ther parts  o f  the c a v i ty ,  and occa s io na lly  ou ts ide  the 
c a v i ty .
Incubation
Laying o f  eggs. Eggs were not observed in  any nest u n t i l  complete 
c lu tches had been la id ,  due to  the fa c t  th a t  the eggs were kept covered 
w ith  nest m ate ria l u n t i l  incubation  began. N orr is  notes th is  phenomenon, 
but I was unaware o f i t  a t  the tim e. The s ize  o f  the nest entrance and 
the depth o f  the c a v i ty  make i t  d i f f i c u l t  to  view the con ten ts , and man­
ip u la t io n  o f  nest m ate ria l and/or eggs would have been nearly  impossible 
in  any event. Although a t  two nests an a d d it io n a l egg was counted on the
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Table 6: B its  o f  nest m ate ria l de live red
by males, females. and helper.
Before incubation During incubation
Nest s i te males females helper males females he lper
B1 0 1 1 0
B2 9 6 14 8
B9 0 1 0 1
B12 10 9 0 1
A3 _0 _0 _0 JL
19 17 15 11
A6 18 16 6 24 3 16
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day a f t e r  the day on which eggs were f i r s t  d iscovered, i t  is  e n t i r e ly  
poss ib le  th a t  th is  was a re s u l t  o f m iscounting, and not an in d ic a t io n  
th a t  the eggs had been uncovered and incubation  begun before the c lu tch  
was complete. At a l l  o th e r nests the number o f  eggs counted d id  not 
change.
During the time when eggs had been la id  but were s t i l l  covered, b irds  
were g e ne ra lly  not seen about the nest s i t e .  F requently , however, the 
female was discovered on the nest e a r ly  in  the morning, presumably not 
long a f t e r  th a t  day's egg had been la id .  At B12, YWR would p e rs is t  on 
the nest even w ith  the denta l m ir ro r  stuck in to  the nest entrance. Re­
examination o f  the nest la te r  in  the day w ith  the female gone, however, 
would reveal no sign o f  eggs.
Dates o f  lay ing  and c lu tc h  sized are l i s te d  in  Table 7. For A3 the 
dates are in fe r re d  on the basis o f the behavior o f  the b irds  about the 
nest, s ince the nest was inaccess ib le . B l l  was not examined during th is  
period.
Length o f  incubation p e r io d . Despite u n ce rta in ty  a t  some nests as 
to  the f i r s t  day on which the eggs were uncovered, the length o f the in ­
cubation period can be f a i r l y  we ll es tab lished  as somewhat more than 14 
days. This assumes th a t  eggs were la id  during the e a r ly  morning hours 
and th a t  the incubation  period is  considered as extending from the time 
a t which the la s t  egg o f  a c lu tc h  is  la id  u n t i l  the time a t which the 
la s t  egg hatches.
On the la te  afternoon o r e a r ly  evening o f  day 15 o f incuba tion , 
c lu tches a t  B l ,  B12, and A2 had nearly  completed hatch ing, w ith  perhaps 
two o r th ree  eggs unhatched. Again, the precise contents o f  the nests
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Table 7: Dates o f  egg la y in g  and incuba tion ; c lu tch  sizes
S ta r t  o f  Probable date
Nest s i te  incubation Clutch s ize o f  f i r s t  egg
A2 18 May 7 12 Hay
A3 16 May 9 7
A6 23 May 6 18 May
Bl 21 May 8 14 May
B2 17 Hay 7 11 May
B9 16 May 9 8 May
B12 30 May 7 24 May
B13 20 May 7 14 May
median: 19 May mean: 7.3 median; 14
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were d i f f i c u l t  to  a sce rta in .  An incubation period o f  between 14.5 and 
15 days appears reasonable f o r  those nests. At B13, f i v e  o f seven eggs 
had hatched by the evening o f  day 16. At B2, on ly  one egg remained un­
hatched a t  1100 hours on what was e i th e r  day 15 or day 16. At B9 and AS, 
ha tch lings  were discovered during what was probably day 15, but could 
po ss ib ly  have been on ly  day 14.
A l l  poss ib le  lengths o f  incubation periods, th e re fo re ,  could be 
included in  a range from 13.5 to  16 days, w ith  the most ty p ic a l length 
very probably ly in g  between 14.5 and 15 days.
A t te n t iv e  periods and time on the n e s t. Only one b ird  o f a p a ir  or 
threesome was observed to  incubate , and on the basis o f  N o r r is '  c o l le c te d  
b ird s  and the few instances o f copu la tion  which I observed, there  can be 
no reasonable doubt th a t  t h is  b ird  was and is  always a female.
A t te n t iv e  and in a t te n t iv e  periods fo r  each nest are summarized in  
Table 8. Only complete periods are included in  these data, f o r  which 
both the entrance o f the female a t  the s ta r t  o f  the period and her e x i t  
a t  the end o f  the period were observed. Occasiona lly  entrances or e x i ts  
were missed, thus a summation o f  lengths o f  a t te n t iv e  and in a t te n t iv e  
periods would be less than to ta l  minutes o f  observa tion . The per cent 
time on the nest inc ludes a l l  complete a t te n t iv e  periods , as w e ll as 
o ther times during which the presence o r absence o f  the female was known.
Lengths o f  a t te n t iv e  periods covered a very wide range. Average 
lengths o f  a t te n t iv e  periods a lso varied  cons iderab ly  from nest to  nes t, 
but the o v e ra l l  time on the nest showed much less v a r ia t io n .
F igure 6 p lo ts  the mean leng th  o f a t te n t iv e  periods f o r  a l l  nests 
combined versus the day o f  in cuba tion , w ith  no apparent trend. A p lo t
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Atten tive  periods Ina tten tive  periods
Total minutes Length (minutes) Length (minutes) Per cent
t  s i te o f observation No. Range Mean No, Range Mean time on nest
Bl 476 7 13-59 38.6 8 3-44 10.3 79.2
B2 1290 22 13-70 31.7 23 2-37 10.7 72.8
89 379 7 6-33 18.6 7 2-8 4.7 89.7
812 505 4 18-73 39.0 6 5-10 6.8 88.6
A3 505 11 14-42 24.6 10 3-15 8.3 81.8
A6 879 16 6-54 31.1 17 2-11 6.8 84.6
4034 67 6-73 30.2 71 2-44 8.5 80.7
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Figure 6; Mean le n g th  o f  female a t t e n t iv e  pe r io ds  vs. day o f  in c u ­
b a t io n .  Data f o r  a l l  nests are combined (A3, A6, B l ,  B2, 
09, 812).
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o f per cent time on the nest versus day o f  incubation (F ig . 7 ) ,  however, 
revea ls  a s ig n i f i c a n t  tendency fo r  b irds  to  spend a g rea te r amount o f  
time on the nest as the incubation period progresses ( t  = 3.57, .005>p), 
a lthough on ly  a moderate amount o f  the v a r i a b i l i t y  among a l l  observation 
periods can be explained on th is  basis ( r^  = .41).
Feeding o f  the fem ale. Feeding o f  the female by the male or helper 
occurred during a l l  stages o f  incubation  and was accompanied by a s te reo ­
typed d isp la y  and v o c a l iz a t io n  by the female. Although u su a l ly  the f e ­
male was fed from the nest entrance, and on ly her head was v is ib le ,  she 
was occa s io na lly  fed w h ile  perched on a branch ju s t  ou ts ide  the nest 
entrance, a t  which time the e n t i re  d isp la y  could be observed.
As the male approached the female, she faced him w ith  b i l l  open and 
u tte re d  a drawn-out, h igh -p itched  c a l l .  At the same time the wings were 
held s l i g h t l y  away from the s ide o f  the body and shaken. The d isp la y  
would, be in te r ru p te d  by the process o f  rece iv ing  and swallowing the food 
item , u su a lly  resuming f o r  a short time a fte rw ards , a f t e r  which the f e ­
male would en ter the nest or f l y  o f f  w ith  the male. The male a lso occa­
s io n a l ly  gave the wing-shake d isp la y  before and/or a f te r  feeding the 
female.
This d isp la y  invo lved w ith  feeding was very s im i la r  to  th a t  given by 
both b ird s  before the two observed instances o f  cop u la t io n ; the l a t t e r  in  
general being more exaggerated, the wings held fu r th e r  from the s ide , 
more s t i f f l y ,  and the shaking more v igorous. During the copu la tion  d is ­
p lay the t a i l  was a lso held s t i f f l y  e re c t.
At A6, the female responded w ith  v o c a l iz a t io n  and d isp la y  when being 
fed by both BVJ and WG. Both o f  these b irds  a lso d isplayed a t  times
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Fiqure 7: Female per cent t im e on the nest vs. day o f  in c u b a t io n .
Each p o in t  rep resen ts  one o b se rva t io n  p e r io d  a t  one nest 
(A3, A6, B l,  B2, 89, B12).
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during the feeding process, and on a few occasions, a l l  th ree b irds  were 
present ou ts ide the nest entrance and s im ultaneously engaged in  the wing- 
shake.
At a l l  nests there  was considerable v a r ia t io n  in  the in te n s i ty  o f 
the feeding d is p la y ,  as characte rized by the loudness and length o f  
v o c a l iz a t io n s  and the du ra t ion  o f  the w ing-shaking. The v o c a l iz a t io n  was 
a lso heard a t  times when the b irds  were away from the nest, although the 
feeding which was presumably occurr ing  then was never seen. During the 
e a r ly  stages o f  incuba tion , when the male was s t i l l  b r ing ing  b i t s  o f  nest 
m a te r ia l ,  the female f re q u e n t ly  responded to  these v i s i t s  w ith  v o ca liza ­
t io n s  and d is p la y ,  and even grabbed b i t s  o f  nest m a te ria l from the male 
and attempted to  eat them.
Figure 8 p lo ts  the feeding ra te  a t  each observation period as i t
varied  over the course o f  the incubation period. Both males in  pa irs  and
the male a t  A6 show a s ig n i f i c a n t  and s im i la r  increase in  feeding ra te  
w ith  time (p a irs ,  t  = 3 .5 , .005>p; A6, t  = 4.92, .01>p>.005). In con­
t r a s t ,  the helper a t A6 shows no increase in  feeding ra te  w ith  time 
( t  = .076, p>.4Q), in  a d d it io n  to  feeding a t  a much lower ra te  than o ther 
males.
N estl ing  Stages
Brooding. During the f i r s t  few days a f t e r  hatch ing, females remained 
on the nest nearly  as much as during the la s t  days o f  incubation (F ig . 9 ). 
Time on the nest ra p id ly  dec lined , however, and a f t e r  day 12 females no 
longer spent any time on the nest during the day. Per cent time on the 
nest f o r  the female a t  A6 f a l l s  w i th in  the range fo r  females in  p a irs ,
except f o r  day 6, when i t  was h igher.
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Fiqure 8- Feeding ra te s  f o r  males feed ing  females d u r in g  in cu b a t io n , 
Each p o in t  represents  one o b se rva t io n  pe r iod  a t  one nest 
(A3, A6, B l ,  82, B9, 812).
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Figure 9: Female per cent time on the nest vs. day from ha tch in g .
Each p o in t  rep resen ts  one o b se rva t io n  p e r io d  a t  one nest 
(A3, A6, B l ,  B2, B9, B12).
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With one exception, none o f the males nor the he lper a t  A6 spent any 
time on the nest during the day. The one exception occurred during a la te  
evening observation period a t  B9, when RY was on the nest fo r  th ree  se­
parate periods to ta l in g  on ly  5 minutes. S h o rt ly  a f te r  the la s t  o f  these, 
a t  2100 hours, he entered the nest and presumably remained there w ith  the 
female during the n ig h t .  Observations during the evening hours a t  other 
nests would undoubtedly have revealed s im i la r  pa tte rns .
The decrease in  to ta l  time on the nest re f le c te d  a s im i la r  decrease 
in the leng th  o f  brood periods , p lo t te d  in  Figure 10. Average leng th  o f 
brood periods immediately a f te r  hatching was on ly  h a l f  o f  th a t  ty p ic a l 
during in cub a tio n , d e c lin in g  ra p id ly  to  a p o in t where periods on the nest 
u s u a l ly  d id  not exceed 5 minutes.
Feeding o f  n e s t l in g s . Males and females and the he lper a t  AG p a r t i ­
c ipa ted a c t iv e ly  in  the feeding o f  n e s t l in g s .
During th a t  time when they were brooding, females in v a r ia b ly  brought 
a food item w ith  them when re tu rn in g  to  the nest. Also during th is  per­
iod i t  was common fo r  males to  d e l iv e r  food items to  the female when she 
was on the nest. Very ra re ly  the female appeared to  eat these items her­
s e l f ;  u s u a l ly ,  though, she disappeared w ith  them in to  the nest, presumably 
to  d e l iv e r  them to  the n e s t l in g s .  Food c a l ls  were occa s io na lly  given by 
the female when accepting d e l iv e r ie s  from the male, though these c a l ls  
were weaker than those given when being fed during incuba tion . B irds 
which met w h ile  approaching or leav ing the nest f re q u e n t ly  gave the wing- 
shake d is p la y ,  in c lu d in g  the he lper a t  A6.
No attempt was made to  id e n t i f y  the food items being d e live re d , 
o th e r than to  note th a t  they consisted m ostly o f  small in se c ts ,  sp ide rs .
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la rv a e , pupae, and the l i k e .  These was an obvious increase in  the s ize
o f food items as the n e s t l in g  period progresses. Occasionally during
e a r l ie r  stages o f  feeding a b ird  entered the nest w ith  an item, on ly to  
f l y  out s h o r t ly  to  a nearby branch, hammer a t  the item,and then re tu rn  to  
the nest w ith  the re s u l ts .  At la te r  stages o f  feeding b irds  no longer 
entered the nest to  feed, but instead perched a t the nest entrance. At 
about t h is  same time c a l ls  o f  the ne s t l in g s  could be heard when an a d u lt  
b ird  appeared a t the nest entrance. These c a l ls  were s im i la r  in  q u a l i t y ,  
though weaker, than food c a l ls  given by the female.
Figures 11 and 12 p lo t  feeding rates fo r  males a t  nests B2, B9, B l,  
and A6. Data fo r  A3 are not included since the number o f  n e s t l in g s  was un­
known a t  th is  nest. Data fo r  Bl are on ly  included fo r  th a t  period o f
time when both parents were feed ing. The male a t  B l,  Y, disappeared be­
tween day 10 and day 13.
When p lo t te d  as simple feeding ra te  (F ig . 11) g rea t v a r ia t io n  is  
apparent, both from male to  male and from day to  day. The male in  the 
threesome a t A6, however, appears to  feed a t  a d i s t i n c t l y  lower ra te  than 
males in  p a irs .  Feeding ra tes fo r  the helper a t  A6 f a l l  more w i th in  the 
range fo r  o ther males, though tend towards the low s ide.
F igure 12 p lo ts  the same data w ith  simple feeding rates converted 
to  feeding ra tes  per n e s t l in g .  V a r ia t io n  in feeding ra tes among males 
in  pa irs  is  reduced and the ra tes show a c le a r  increase w ith  time from 
hatch ing. This trend is  matched f a i r l y  w e ll by a l in e a r  regression ( r^  = 
.6 4 ) ,  w ith  a slope s ig n i f i c a n t l y  d i f f e r e n t  from zero ( t  = 3.99, .005>p). 
Po ints f o r  the in d iv id u a l b irds  a t  AS do not change p o s it io n  in  r e la t io n  
to  each o th e r ,  o f course, because the number o f  n e s t l in g s  is  the same.
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Figure 11: Simple feed ing  ra te  vs. day from ha tch in g  -  a l l  males
(A6^ o b se rva t io n  p e r io d  a t  one n ^s t
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Figure 12: Feeding ra te  per n e s t l in g  vs. day from ha tch in g  -  a l l
males. Each p o in t  rep resen ts  one o b se rva t io n  p e r io d  a t  
one nest (A6, B l,  B2, B9).
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There is  even more o f  a suggestion, though, th a t  the male a t  A6 was feed­
ing a t  a lower ra te  than males in  p a irs .  U n fo rtun a te ly , data fo r  males
in  pa irs  were not obtained beyond day 12, due to  my absence from Missoula
and/or the d e s tru c t io n  o f  the nests.
S im i la r  data f o r  females are p lo t te d  in  Figures 13 and 14. Since 
during the f i r s t  few days o f  feeding females spent time on the nest and 
were thus unable to  feed during a po rt io n  o f the observation pe riod , the 
feeding ra tes have been computed on ly  on the basis o f th a t  time when fe ­
males were not on the nest.
Females in  pa irs  show a s ig n i f ic a n t  increase in  simple feeding ra te  
w ith  day from hatching ( t  = 2.51, .025>p>.01), though accompanied by con­
s ide rab le  v a r ia t io n  ( r^  = .4 1 ){F ig .  13). When rates are expressed as 
ra tes per n e s t l in g  (F ig . 14), the v a r ia t io n  remains ( r^  = .43) as does 
the s ig n if ic a n c e  o f  the increase ( t  = 2.26, .025>p>.01). This suggests 
th a t  females may not be responding to  the number o f  n e s t l in g s ,  as males 
seem to  do. During the la te r  stages o f  feeding the female a t  A6, l i k e  
her mate, shows both simple and per n e s t l in g  feeding rates lower than 
those which would be expected f o r  pa irs  based on an e x tra p o la t io n  o f the
trend from days 1 to  12.
Figures 15 and 16 p lo t  the to ta l  (male, female, and he lper combined) 
simple feeding ra te  and to ta l  feeding ra te  per n e s t l in g ,  re s p e c t iv e ly ,  
a t  a l l  nests. V a r ia t io n  remains h igh , p a r t ic u la r ly  during the la te r  
stages. This may be due to  the g re a te r  range o f  food item sizes which 
the n e s t l in g s  can accept during th is  period. Rates f o r  A6 f a l l  w i th in  
w i th in  the range fo r  p a irs .
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Figure 13: Simple feed ing  ra te  vs. day from ha tch ing  - a l l  females.
Data are t im e -a d ju s te d  (see t e x t ) .  Each p o in t  rep resen ts  
one observa tion  pe riod  a t  one nest (A6, B l ,  B2, B9).
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Figure 14: Feeding ra te  per n e s t l in g  vs. day from ha tch ing  -  a l l
females. Data are t im e -a d ju s te d  (see t e x t ) .  Fach p o in t  
represents one ob se rva t ion  pe riod  a t  one nest (A6, B l ,  
82, 89).
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Figure 15: Tota l simple feed ing  ra te  vs. day from h a tch in g . Each
p o in t  represents one o b se rva t ion  p e r io d  a t  one nest (A6, 
B l,  B2, 89).
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Figure 16: Tota l feeding ra te  per n e s t l in g  vs. day from h a tch in g .
Each p o in t  represents  one ob se rva t io n  p e r io d  a t  one nest 
(A6. B l.  B2, B9).
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In o rder to  f a c i l i t a t e  comparison between feeding rates f o r  males 
and females in  p a irs ,  simple feeding ra tes fo r  both males and females in  
p a irs  are p lo t te d  in  Figure 17. The rates f o r  the females are again ad­
ju s te d  f o r  the time they were a c tu a l ly  a va ila b le  to  feed. Data f o r  A3 
are a lso  inc luded. V a r ia b i l i t y  is  h igh , but there  are no apparent d i f ­
ferences between males and females. Rates f o r  males and females were 
compared using the Wilcoxon te s t  f o r  paired data, w ith  no s ig n i f ic a n t  
d if fe re n ce s  re s u l t in g  (T(+) = 66, p s .76).
F igure 18 p lo ts  the same type o f  d i r e c t  comparison f o r  the three
b ird s  a t A6, the female ra tes s t i l l 'a d ju s t e d  f o r  time. Friedman's two- 
way ana lys is  o f  variance shows no s ig n i f i c a n t  d if fe re n c e  among the rates 
f o r  male, female, and helper (S = 1 .6 , .57>p>.43).
Fecal sac removal. Fecal sacs were re g u la r ly  c a rr ie d  from the nest 
by males, females, and the he lper a t  a ra te  which increased f a i r l y  l in e a r ­
ly  w ith  time (F ig . 19). Table 9 l i s t s  t o ta l  feca l sacs removed by each 
sex and the he lper during the course o f  the n e s t l in g  period. No d i f f e r ­
ences were found between males and females in  pa irs  (X^ = 1.64, .25>p>.10),
o r between the three b ird s  a t  A6 (X^ = .15, .75>p>.50).
T e r r  i to ry
The boundaries o f  th ree  t e r r i t o r i e s  were determined during the nes t­
l in g  period as described under methods, w ith  re s u lts  as fo l lo w s :
B2 (p a ir )  - 3.9 hect.
A6 (threesome) - 2.9 hect.
A3 (p a ir )  -  1.8 hect.
T e r r i t o r i a l  encounters were very ra re ly  observed, but corresponded n ic e ly  
w ith  boundaries es tab lished  on the basis o f  fo rag ing  f l i g h t s .  I t  was not 
poss ib le  to  determine the id e n t i t y  o f  the in d iv id u a ls  involved in
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Figure 17: Simple feed ing  ra te  vs. day from ha tch ing  -  males and
females in  p a i r s .  Data f o r  females are t im e -a d ju s te d  
(see t e x t ) .  Each p o in t  based on one o b se rva t io n  p e r io d  
a t  one nest (A3, A6, B l ,  82, 89).
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Figure 18: Simple feed ing  ra te  vs. day from ha tch ing  -  male, fem ale ,
and he lper a t  A6. Data f o r  female are t im e -a d ju s te d  (see 
t e x t ) .  Each p o in t  based on one o b se rva t io n  p e r io d .
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Figure 19: Tota l feca l sac removal vs. day from h a tch in g . Data fo r  
a l l  nests are combined (A3, AG, B l ,  B2, B9).
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Fecal sac removal by males, females :
Fecal sacs removed
Nest s i te males females helper
Bl 5 14
B2 2 10
B9 16 18
A3 15 _8
38 50
A6 14 13 12
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encounters. No b irds  were ever id e n t i f ie d  on the study areas (w h ile  breed­
ing was in  progress) which were not associated e i th e r  w ith  the t e r r i t o r y  
they were on or w ith  an adjacent t e r r i t o r y .
No attempt was made to  measure the h a b ita t  s t ru c tu re  o f  t e r r i t o r i e s .  
However, I fee l con fiden t in  s ta t in g  th a t  the dens ity  o f  ponderosa pine 
cover was not equal on a l l  t e r r i t o r i e s ;  th a t  i t  was d e f in i t e ly  g rea test 
f o r  B2, which had the la rg e s t  t e r r i t o r y ;  and th a t  i t  was probably le a s t  
fo r  A3, which had the sm alles t. A la rge  area o f  r e la t i v e ly  homogeneous 
and p re fe ra b ly  contiguous breeding h a b ita t  would be necessary to  assess 
the poss ib le  s ig n if ic a n c e  o f  an a d d it io n a l b ird  in  acqu ir ing  la rg e r  and/ 
o r more de s irab le  t e r r i t o r i e s .
Fledging Success
In 1976 there was a very high ra te  o f  nest f a i l u r e  p r io r  to  f le d g in g ,  
although a t  most nests f a i l u r e  d id  not occur u n t i l  n e s t l in g s  were a t  le a s t  
several days o ld . My absence from the study areas fo r  three or fo u r  days 
a t  a time precluded knowledge o f  many events which may have been associated 
w ith  nest f a i lu r e .  The known events invo lved w ith  the success or f a i l u r e  
o f  the various nest s i te s  are summarized below.
A l:  B irds pe rs is ted  in  the v i c i n i t y  o f  t h is  nest s i t e  throughout the
breeding pe r io d , but no eggs were ever la id ,  a t le a s t  in  the nest. A s in ­
g le  egg was found a t the base o f  the nest stub on 1 June. The she ll was 
very t h in ,  and the egg broke immediately when I t r ie d  to  p ick  i t  up. There 
seems no way th a t  th is  egg could have been la id  ins ide  the nest and 
transpo rted  to  the ground ou ts ide  w ith ou t being broken, in d ic a t in g  th a t  
i t  had been la id  on the ground wli.-re found, and th a t  the female invo lved 
was re p ro d u c t iv e ly  incompetent. 1 he th i r d  b ird  which had been associated
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w ith  the o the r two was never observed again a f te r  the i n i t i a l  s ig h t in g  on 
7 A p r i l .
A2: This nest was not c lo s e ly  fo llow ed a f te r  the presence o f nest­
l in g s  had been ascerta ined . When opened on day 18, fo u r  dead ne s t l in g s  
were found in s id e .  The ir p rim aries  were s t i l l  sheathed, in d ic a t in g  th a t  
they had died several days p re v io us ly . There was no evidence th a t  the 
n e s t l in g s  had been k i l l e d  by a p reda to r, nor were the parents about the 
nest.
A3: This nest was opened on day 23. Although the nest entrance
had been enlarged, there  was no evidence as to whether th is  had occurred 
before o r a f t e r  f le d g in g .  The female, YG, and another b ird  YB, had been 
seen on the nest snag the previous day. Since YB was not her mate, i t  
seems poss ib le  th a t  th is  nest was destroyed by p reda tors , w ith  YG the 
on ly  s u rv ivo r .
A4: No in fo rm ation  on the progress or success o f  th is  s i t e .
A5: The harassment o f th is  nest s i t e  by o ther species has been 
noted e a r l ie r .  Since the nest was in acce ss ib le , i t  is  not known whether 
RO and KW a c tu a l ly  completed excavation o r la id  eggs. Behavior associated 
w ith  incubation  was never observed, although the instance o f RO feeding 
KW is  evidence th a t  eggs could have been present, as th is  behavior was 
not observed a t o the r nests u n t i l  eggs were present o r  incubation had 
begun. On 2 June the nest was discovered to  have been broken in to  by 
some unknown agent, probably the Lewis' Woodpeckers. On 6 June both 
b ird s  were observed excavating a new c a v i ty  ad jacent to  the f i r s t ,  but 
t h is  a c t i v i t y  was not seen again, the s i t e  apparently  having been aban­
doned.
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A6: On day 25 a small f lo c k  o f  immature b irds  was seen near the
nest s i t e .  Although banded b irds  could not be id e n t i f ie d  among them, 
the presence o f  the immatures would seem to  be strong c ircu m s ta n t ia l e v i ­
dence th a t  f le d g in g  was successfu l. Examination o f  the nest c a v i ty  re ­
vealed noth ing unusual.
B l:  The male a t  th is  nest disappeared between day 10 and day 13.
The female continued to  feed the n e s t l in g s  alone and was observed in  th is  
a c t i v i t y  on day 16. On day 18 the nest was opened and seven dead nest­
l in g s  discovered ins ide - A l l  seemed to  have been about the same age a t 
death, based on the stage o f  development o f  p r im a r ie s , w ith  no evidence 
o f  p reda tion . The female was s t i l l  b r ing ing  food items to the nest a t 
th is  t im e, apparently  ea ting  them h e rs e lf  when unable to  feed them to  
n e s t l in g s .  The su rv iv in g  male from adjacent 812, YW, was around the nest 
s i t e  on day 18 and excavated b r i e f l y  on the nest s tub. YW had a lso been 
around the nest s i t e  on day 16, as had WRW, a b ird  not known to  have been 
breeding on the study area. Although both o f  these b irds  appeared i n t e r ­
ested in  the a c t i v i t y  o f  the female, c a l l in g  and peering in to  the nest, 
n e ith e r  was observed to  feed the n e s t l in g s .
82: Six n e s t l in g s  and the male, RV, were discovered dead in  the nest 
c a v i ty  on day 17. Three o f  the n e s t l in g s  and RV had had the f le s h y  parts 
complete ly eaten, w h ile  the o ther th ree  n e s t l in g s  were p a r t i a l l y  eaten.
The nest entrance was enlarged and showed evidence o f  gnawing around the 
edges. An unbanded b ird  was in  the v i c i n i t y ,  presumably the unbanded 
female.
89: On day 20, e ig h t  n e s t l in g s  f le w  from the nest as I was a ttem pt­
ing to  open i t  to  band the n e s t l in g s .  The parents had been feeding the
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n e s t l in g s  ju s t  p r io r  to  t h is ,  and the ne s t l in g s  f le w  and perched ra th e r 
u n s te a d i ly ,  in d ic a t in g  th a t  th is  may have been a premature f i r s t  f l i g h t .
A f lo c k  o f  young b irds  was in  the v i c i n i t y  on day 31.
B I l :  This nest was opened a t a time unknown in  r e la t io n  to  hatching.
Two n e s t l in g s  were ba re ly  a l iv e  in s id e ,  w ith  f i v e  others dead underneath 
in  a wet, s t in k in g  mass o f nest m a te r ia l .  The entrance to  th is  nest was 
angled in  such a way th a t  ra in ,  which had been heavy during the previous 
few days, would have been able to  en te r.
B12: On day 7 the female, YWR, was found p a r t i a l l y  eaten a t  the
base o f  the nest t re e .  Only two dead n e s t l in g s  could be recovered from 
the inaccess ib le  i n t e r io r  o f  the nest c a v i ty ,  although a t  le a s t  f i v e  
were known to  have hatched.
613: N estlings were not present in  the nest on day 17, a time when
f le d g in g  would not have been expected to  have already occurred. The 
c a v i ty  was p a r t i a l l y  opened and nest m ate ria l had been dragged o u t,  an 
in d ic a t io n  th a t  th is  nest had also been a v ic t im  o f  predation .
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CHAPTER I I IB  
RESULTS: WINTER FLOCKING
A to ta l  o f 20 f lo c k s  were encountered during the period 7 January 
to  9 February, 1977. From 18 o f those f lo c k s  219 d is c re te  observations 
o f fo rag ing  b irds  were obtained.
Flock Composition
The estimated composition o f  f lo c k s  by species is  l i s te d  in  Table 10. 
Due to  the rap id  movement o f  b irds  w i th in  the f lo c k s  and the ease w ith  
which b irds  were obscured by fo l ia g e ,  prec ise or absolute counts were 
im possib le . The numbers presented the re fo re  represent a best guess based 
on the number o f  b irds  a c tu a l ly  v is ib le  and vo c a liz a t io n s  heard. They 
are very probably biased towards underestimating the tru e  number o f  in ­
d iv id u a ls  present, but should be f a i r l y  c o n s is te n t ly  biased.
Four species ( Pygmy Nuthatch, Mountain Chickadee, Black-capped 
Chickadee, and Red-breasted Nuthatch) accounted fo r  about 85 per cent o f  
a l l  b ird s  seen. An a d d it io n a l f i v e  species (White-breasted Nuthatch, 
Downy Woodpecker, H a iry  Woodpecker, Brown Creeper, and Golden-crowned 
K in g le t)  accounted f o r  the remaining 15 per cent.
Based on casual observations during the w in te r  o f  1976, i t  was ex­
pected th a t  a f a i r  percentage o f  f lo c k s  encountered would be s in g le ­
species f lo c k s  o f  Pygmy Nuthatches, s ing le -spec ies  meaning no chickadees 
present but perhaps a few o f  the less frequent a u x i l l i a r y  species present.
76
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Table 10: Composition o f  20 flocks by species,
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Mean number
Species
Number o f flocks 
in which present
o f ind iv idua ls  
when present 
(± S.E.)
Per cent o f f lock  
when present
Pygmy Nuthatch 14 8.4 ± 1.0 45.0
Mountain Chickadee 
Black-capped Chickadee 
Chickadee sp.
14
11
17
5.0 ± 0.4 
4.5 ± 0.6
7.0 ± 0.5
27.7 
25.3
52.8
Red-breasted Nuthatch 15 2.9 ± 0.3 15.2
White-breasted Nuthatch 9 1.7 + 0.2 8.5
Downy Woodpecker 8 1.0 ± 0.0 ^.8
Hairy Woodpecker 3 1.3 ± 0.3 5.7
Brown Creeper 7 1.6 ± 0.2 7.5
Golden-crowned Kinglet 4 2,5 ± 0.6 10.5
Mean f lock  size: 14.6 ± 1.6 •vi
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This was not the case during the w in te r  o f 1977, a t  le a s t  not during th a t  
month when I was in  the f i e l d .  Only three Pygmy Nuthatch f lo cks  were en­
countered; eleven f lo c k s  contained both Pygmy Nuthatches and chickadees, 
and s ix  contained on ly  chickadees.
In genera l, v a r ia t io n s  in  f lo c k  s ize  were not accompanied by a pro­
p o r t io n a te  increase or decrease in  the number o f in d iv id u a ls  o f  each 
species, ra th e r  by the presence or absence o f  species; i e . ,  la rge  f lo c k s  
were la rge  because they had more species ( p a r t i c u la r ly  chickadees and 
Pygmy Nuthatches), not more o f  each species.
Temperature had no e f fe c t  whatever on f lo c k  s iz e ,  as shown in  F ig­
ures 20 and 21. Total f lo c k  s iz e ,  number o f  Pygmy Nuthatches, number o f 
chickadees, and number o f  species a l l  varied completely independently o f 
temperature.
Use o f  Foraging Zones
Frequency d is t r ib u t io n s  o f  the proportion  o f  observations in  each 
o f the s ix  forag ing  zones w i th in  ponderosa pines are shown in  Figure 22.
A few observations which d id not occur in  one o f  the s ix  zones are not 
inc luded, f o r  instance b irds  feeding on the ground or in  adjacent bushes. 
The few instances in  which Pygmy Nuthatches foraged on the trunks o f 
pines are a lso  not inc luded, s ince th is  zone is  e s s e n t ia l ly  unava ilab le  
to  chickadees fo r  morphological reasons and represents is o la t io n  on a 
d i f f e r e n t  le v e l .
C lear d i f fe re n ce s  e x is t  in  the way the three species use the s ix  
fo rag ing  zones, p a r t ic u la r ly  w ith  respect to  he igh t o f  the zones. Whereas 
Pygmy Nuthatches used the upper zones a h ig h ly  s ig n i f i c a n t  p ropo rtion  o f 
the time (X^ = 42.6, .001>p), Black-capped Chickadees p re ferred  zones in
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Figure 20: Number o f  to ta l  In d iv id u a ls ,  number o f  Pygmy Nuthatches
and number o f  chickadees present in  f lo c k s  vs. tempera­
tu re . Each po in t based on one f lo c k .
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Figure 21: Number o f  species present in  f locks  vs. temperature. Each
po in t represents one f lo c k .
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Figure 22: Proportion o f  observations in  each forag ing zone - Pygmy
Nuthatch, Black-capped Chickadee, and Mountain Chickadee. 
(BC = Black-capped Chickadee, MC = Mountain Chickadee,
PN = Pygmy Nuthatch)
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the lower h a l f  (X^ = 21.3, .001>p). Mountain Chickadees show no p re fe r ­
ence f o r  upper o r lower zones (X^ = 2.96, .10>p>.05), but in  th is  respect 
are s ig n i f i c a n t l y  d i f f e r e n t  from both Pygmy Nuthatches (X^ = 27.7, .001>p) 
and Black-capped Chickadees (X^ = 6.11, .025>p>.01).
S ig n i f ic a n t  d if fe re n ce s  a lso e x is t  in  the way the species used the 
zones when the zones are c la s s i f ie d  as to nature o f  fo rag ing substra te  
(type 1 - primary branches, type 2 - secondary branches, type 3 - fo l ia g e ,  
cones, and sm allest branches; see F ig. 2). Pygmy Nuthatches had the 
g re a te s t e q u i t a b i l i t y  among zones, but showed a preference fo r  type 3 and 
a lack o f  preference f o r  type 1 (X^ = 9.88, .005>p>.001). Black-capped 
and Mountain Chickadees were not s ig n i f i c a n t ly  d i f f e r e n t  from each other 
in  the way they used fo ra g in g -su b s tra te  types (X^ = 3.78, .10>p>.05).
Both had a s ig n i f i c a n t  lack o f  preference f o r  type 1 (81 .-c a p .,  X  ̂ = 17.4, 
•001>p; M tn., X  ̂ = 23.1, .001>p), but Mountain Chickadees used types 2 
and 3 about e q u a lly ,  whereas Black-capped Chickadees had a preference fo r  
type 2.
Niche w id th , ca lcu la ted  as B = f  (Levins, 1958), is  lowest fo r
' Pi
Black-capped Chickadees and about equal f o r  Mountain Chickadees and Pygmy 
Nuthatches. Niche d i f fe re n c e s ,  ca lcu la ted  as d = z (p i;\ - Pî b )^ (Lev ins, 
1968), are g rea tes t between Pygmy Nuthatches and Black-capped Chickadees, 
as would be expected from look ing a t  the p ropo rtiona te  frequency d i s t r i ­
butions (F ig . 22). By th is  measure Mountain Chickadees are more s im i la r  
to Black-capped Chickadees than to  Pygmy Nuthatches.
D iffe rences Between S in g le - and Mixed-species Flocks
I had hoped th a t  the fo rag ing  niches o f Black-capped and Mountain 
Chickadees would be s im i la r  enough th a t  observations could be combined
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f o r  comparisons between niches in  s ing le -spec ies  and mixed-species f lo cks , 
U n fo rtuneate ly  th is  was not the case, and the r e la t i v e ly  small sample 
s izes obtained fo r  s ing le -spec ies  f lo c k s  must be made even smaller by 
cons idering  Black-capped and Mountain Chicadees separa te ly . Also because 
o f  the small sample s izes , i t  is  necessary to  group the observations 
e i th e r  in to  upper and lower zones or in to  zones o f the same fo rag ing - 
subs tra te  type when making comparisons w ith  Chi-square.
Figure 23 shows the p ropo rtion  o f  observations in  each forag ing 
zone fo r  each species o f  chickadee, both w ith  Pygmy Nuthatches present 
in  the same f lo c k  and absent from the f lo c k .
Mountain Chickadees show no d iffe rences  in  use o f e i th e r  upper and 
lower zones (X^ .42, .75>p>.50), or fo ra g in g -su bs tra te  type (X^ = .01, 
.95>p>.9Q, types 1 ana 2 combined). Both niche w id th  and d i f fe re n c e  be­
tween the Mountain Chickadee niche and the o v e ra l l . Pygmy Nuthatch niche 
( i e . ,  as in  Fig. 22) are v i r t u a l l y  unchanged.
Black-capped Chickadees show no d i f fe re n c e  in  the use o f  fo ra g in g - 
substra te  types (X^ = 1.08, .50>p>.25, types 1 and 2 combined); but do 
show a s ig n i f ic a n t  d i f fe re n c e  (p = .021) in  the use o f  upper and lower 
zones, occurring in  the upper zones when Pygmy Nuthatches are present. 
F ish e r 's  exact p r o b a b i l i t y  t e s t  was used fo r  t h is  comparison, since Chi- 
square gave ambiguous re s u l ts  depending on the use o f  Yate 's c o n t in u ity  
c o r re c t io n .  Niche w id th  broadened considerab ly  in  the presence o f  Pygmy 
Nuthatches, and the d i f fe re n c e  between the Black-capped Chickadee niche 
and the Pygmy Nuthatch niche decreased. The small sample s ize invo lved , 
however, undoubtedly overemphasizes the s ig n if ic a n c e  o f  these changes.
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Figure 23: Proportion o f  observations in  each fo rag ing  zone - species
pa irs  compared on the basis o f  whether or not they were 
observed together in  f lo c k s .  (BC = Black-capped Chickadee, 
MC = Mountain Chickadee, PN = Pygmy Nuthatch, CH = e i th e r  
or both species o f  chickadee)
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Observations o f Pygmy Nuthatches were segregated on the basis o f  
the presence or absence o f e i th e r  o r both species o f  chickadee in  the 
same f lo c k  (F ig . 23). Although the d is t r ib u t io n s  appear q u ite  d i f f e r e n t ,  
the re  are no s t a t i s t i c a l l y  s ig n i f i c a n t  d if fe rences  in  the way Pygmy Nut- 
hatchesused upper and lower zones (X^ = .34, .75>p>.50) o r fo ra g in g - 
subs tra te  types (X^ = 3.17, .25>p>.10). Again, though, the trend is  fo r  
the Pygmy Nuthatch niche to  broaden in  the presence o f  chickadees and to 
become more l i k e  th a t  o f  chickadees. Chickadee species were combined fo r  
t h is  comparison.
The above comparisons were then repeated w ith  observations segregated 
on the basis o f whether or not pa irs  o f  species were recorded together on 
in d iv id u a l scans o f  ponderosa pines. This was thought to  b e tte r  represent 
the actua l p ro x im ity  o f  species, s ince two species could occur together 
in  the same f lo c k  y e t  remain some d istance apa rt.  The absence o f a 
species in  a scan is  not an absolute in d ic a t io n  th a t  i t  was not present 
in  the t re e  being scanned, but i t  should a t  le a s t  in d ic a te  th a t  i t  was 
not conspicuously present.
When considered on the basis o f  scans, the r e la t iv e  numbers o f  "w ith "  
and "w ith o u t"  observations are oppostie  from those considered on the basis 
o f f lo c k s ,  i e . ,  in  most scans the o ther species was not present. Compar­
isons o f  the frequency d is t r ib u t io n s  again show no s ig n i f ic a n t  d iffe rences  
(.05<p in  a l l  cases), except, again, f o r  Black-capped Chickadees occurring 
s ig n i f i c a n t l y  more in  the upper zones when Pygmy Nuthatches are present 
(p = .026, F ish e r 's  exac t) .  The p ropo rt iona te  frequency d is t r ib u t io n s  
are shown in  Figure 24.
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Figure 24: Proportion o f  observations in  each fo rag ing  zone -  species
pa irs  compared on the basis o f  whether o r not they were 
observed together in  scans o f  in d iv id u a l pines. (BC = 
Black-capped Chickadee, MC = Mountain Chickadee, PN = Pygmy 
Nuthatch, CH = e i th e r  or both species o f  chickadee)
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The trend in  most cases is  fo r  niches to broaden and fo r  d if fe ren ces  
between species to  decrease, when those species occur toge the r. Again, 
however, i t  must be emphasized th a t  no great s ig n if ica n ce  can be placed 
on th is  p o in t ,  due to  the small sample s ize  on which a t  le as t one o f  the 
underly ing  frequency d is t r ib u t io n s  is  based and the lack o f s t a t i s t i c a l l y  
s ig n i f i c a n t  d if fe re n ce s  between those d is t r ib u t io n s .
F in a l ly ,  observations were segregated on the basis o f  temperature, 
one group being those th a t  occurred below the mediam temperature o f  -6*C. 
and the o ther group being those th a t  occurred above i t .  Mo s ig n i f ic a n t  
d if fe re n ce s  were found fo r  any species (.05<p in  a l l  cases).
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CHAPTER IV 
DISCUSSION
The d iscussion o f  the breeding study w i l l  have three pa rts : (1) a
b r ie f  comparison o f  the general b io logy o f the Pygmy Nuthatch in  Montana 
w ith  th a t  in C a l i fo rn ia ;  (2) a cons idera tion  o f  the question o f  how the 
he lper he lps, and whom, both ge ne ra lly  and in  the Pygmy.Nuthatch; and 
(3) a cons idera tion  o f helpers in  the Pygmy Nuthatch in  terms o f ideas 
which have been advanced concerning the evo lu tion  o f helpers.
General B io logy
Nearly a l l  aspects o f Pygmy Nuthatch breeding b io logy which I ex­
amined in  western Montana are very s im i la r  to  those reported f o r  C a l i­
fo rn ia  b irds  (N o r r is ,  1958). Most s p e c i f ic  q u a n t i ta t iv e  measurements, 
such as length o f a t te n t iv e  periods, feeding ra te s ,  e t c . ,  are w ith in  10 
to  20 per cent o f  each o th e r. In any event, s t a t i s t i c a l  comparisons are 
impossible because o f  the lack o f  raw data or the small sample sizes in ­
volved. For ins tance , N o rr is  reported the length o f the incubation 
period to  be 15.5 to  16 days, one day longer than the 14.5 to  15 days 
which I found t y p ic a l ,  but th is  in fo rm ation  was based on only one nest. 
The on ly p o in t f o r  which c le a r  d if fe ren ces  e x is t  is  in  the s ize  o f the 
t e r r i t o r i e s .  For s ix  t e r r i t o r i e s  th a t  N orr is  measured, average area was 
1.1 hectares, compared to  2.9 hectares f o r  the three th a t  I measured.
This d i f fe re n c e  could be due to  d if fe re n ce s  in  h a b ita t  d e n s ity ,  nest s i te
93
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
94
a v a i l a b i l i t y ,  o r even h a b i ta t  p ro d u c t iv i t y ,  but no good data are a v a i l ­
ab le f o r  comparison. N o rr is  d id  estim ate, apparently  w ithou t measuring, 
th a t  canopy coverage on h is  study area was about 60 per cent; I would 
es tim ate ,aga in  w ith o u t measuring, th a t  canopy coverage on my study areas 
was less than 60 per cent f o r  the sm aller t e r r i t o r i e s ,  but more than 60
per cent f o r  the la rg e s t ,  an in co n s is te n t trend.
With p a r t ic u la r  regard to the occurrence o f threesomes, N orr is  re ­
ported th a t  8 o f  36 nest s i te s  had helpers (22%), and implied th a t  b irds  
were successful in  completing c a v i t ie s  and lay ing  eggs a t  a l l  o f those 
36 s i te s .  By the same c r i t e r io n  o f  success fu lly  la id  c lu tches , 1 o f 7 
nests which I studied had helpers (14%), a r a t io  completely cons is ten t 
w ith  th a t  f o r  C a l i fo rn ia .  Associations o f  three b irds  a t  A1 and A5 were 
s h o r t - l iv e d ,  and in  any event breeding was not successful at e i th e r  s i te .  
The o ther three a c t iv e  nest s i te s  were not studied in  s u f f ic ie n t  d e ta i l  
to  perm it absolute knowledge o f  the number o f b irds  involved.
Do Helpers Help, and Whom?
Before considering the s p e c if ic  ways in  which the Pygmy Nuthatch 
he lper may a c tu a l ly  have helped, a general o r ie n ta t io n  is  in  order as to 
the ways in  which helpers m ight he lp , and the re la t iv e  s e le c t ive  advan­
tages o f  helping to  the helper and the helpee. A l l  o f these w i l l  be
s tro n g ly  in fluenced by the sex o f  the he lper, i t s  reproductive co n d it io n , 
and i t s  genetic  re la t io n s h ip  to  the he lper.
Consider f i r s t  the advantages and disadvantages to a nesting p a ir  of 
p e rm it t in g  a he lper to  he lp ; these may be d i f f e r e n t  f o r  each sex. Both 
sexes would be disadvantaged, o f course, i f  the helper a c tu a l ly  decreased 
t h e i r  reproductive  success by breaking eggs, mishandling n e s t l in g s ,  or
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a t t r a c t in g  predators to  the nest s i te s ,  and there  is  some evidence th a t  
"he lpe rs "  can e x h ib i t  such incompetence (Zahavi, 1974; but see Brown, 
1975). A he lper should help both sexes i f  i t s  a c t i v i t i e s  increased th e i r  
rep roduc tive  success, e i th e r  by increasing the number o f o f fs p r in g  ra ised 
in  the year in  which i t  he lps, o r  by increasing the a b i l i t y  o f the par­
ents to  ra ise  more o f fs p r in g  in the fu tu re  (most l i k e l y  by increasing the 
chances th a t  they would surv ive  to  do so). The la t t e r  po in t is  very d i f ­
f i c u l t  to  assess, but there is  some evidence f o r  the former (L igon, 1970; 
Fry, 1972; Smith and Ridpath, 1972; Woolfenden, 1975). Only in  one case 
though, has the number o f  o f fs p r in g  ra ised by pa irs  w ith  helpers been 
h igher in a s t a t i s t i c a l l y  s ig n i f i c a n t  way than the number ra ised by pa irs  
w ith o u t helpers (Woolfenden, 1975). I t  should a lso be noted th a t  the 
question o f  the number o f  o f fs p r in g  ra ised involves more than the number 
o f  young f ledged , but must a lso take in to  account t h e i r  a b i l i t y  to  sur­
v ive  tfa reproductive  age.
I f  the helpers are re p ro d u c t ive ly  immature, as in the Mexican Jay 
(Brown, 1972) and f re q u e n t ly  in  the F lo r ida  Scrub Jay (Woolfenden, 1975), 
then from the parents ' p o in t o f  view there should be l i t t l e  else to con­
s id e r  besides the r e la t iv e  a b i l i t y  o f a helper to  help or h inder. The 
re la t io n s h ip  o f the he lper should be r e la t iv e ly  unimportant, although i f  
he lpers increase t h e i r  own rep roductive  success in  la te r  years i t  would 
be an a d d it io n a l advantage to perm it th is  b e n e f i t  to  accrue to one gen­
e t i c a l l y  re la te d .  Of course, as Brown (1975) has pointed ou t, in  the 
extreme conservative view the on ly  b e n e f i t  to  the parents may be in  the 
enhanced rep roductive  experience and m a tu r i ty  o f the helper in  subsequent 
breedings o f i t s  own.
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I f  the helpers are p o te n t ia l ly  rep roduc tive , however, then a d d it io n a l 
disadvantages could be invo lved f o r  the parent the same sex as the he lper. 
For the male th is  disadvantage would have to  consider the p ro b a b i l i ty  
th a t  the he lper could be the fa th e r  o f  the o f fs p r in g ,  weighed against 
the probable degree o f  gene tic  relatedness o f  the he lper, and the degree 
to  which the helper a c tu a l ly  increases the males reproductive  success. 
Smith and Ridpath (1972) have ca lcu la ted  the outcome fo r  some o f  the pos­
s ib le  co n d it io n s ,  and concluded th a t  i f  the helper he lps, and is  o f  known 
close genetic  re la t io n s h ip  (o f fs p r in g  or s ib l in g ) ,  then there w i l l  be a 
net advantage to  the male to  perm it the helper to  help even i f  there  is  
some p ro b a b i l i t y  th a t  i t ,  and not the male, w i l l  be the fa th e r  o f  the 
c o l le c t i v e ly  ra ised o f fs p r in g .
For the female, her re la t io n s h ip  to  her o f fs p r in g  is  never in  ques­
t io n ,  but the presence o f  another female could poss ib ly  re s u l t  in  her 
being deserted by the male, and would be a c le a r  disadvantage. The po in t 
is  moot, however, s ince there do not appear to be any cases of reproduc- 
t i v i t e l y  a c t iv e  female he lpers.
The helper may be advantaged in  helping fo r  two reasons. One is  
through k in  s e le c t io n ,  i f  the help is  d irec ted  toward close re la t iv e s .
(A t t h is  po in t i t  should be made c le a r  th a t  advantages and disadvantages 
do not r e a l l y  r e fe r  to  in d iv id u a ls ,  but to  genotypes. There would not, 
o f course, be any advantage to a he lper as an in d iv id u a l in terms o f  i t s  
own o f fs p r in g ;  but there  is  an advantage fo r  i t s  genotype, dependent on 
the degree to  which the genotypes which rece ive help are s im i la r  to  i t s  
own). Since the he lpe r, to  the degree to  which i t  makes an investment 
in  ra is in g  young, s u f fe rs  the same d im inu tion  o f  fu tu re  reproductive
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p o te n t ia l  as does a parent; then, i f  there  is  no other advantage in  
h e lp in g , i t  is  c le a r  th a t  helpers should evolve to  help only those very 
c lo s e ly  re la te d  to themselves.
I t  is  a lso p o ss ib le , though, th a t  non-breeders which p a r t ic ip a te  in 
ra is in g  young may increase t h e i r  reproductive  p o te n t ia l in  subsequent 
years over non-breeders which do not help. This might occur e i th e r  i f  
they are more l i k e l y  to  acquire a mate, o r ,  once mated, more capable o f  
ra is in g  a brood. There is  no evidence to  support or re fu te  th is  idea, 
however. I t  is  a lso t ru e  th a t  th is  p a r t ic u la r  advantage does not neces­
s a r i l y  invo lve  help ing r e la t iv e s ,  although the a d d it io n a l advantage in  so 
doing would always be high.
I t  should a lso  be noted th a t  an a d d it io n a l advantage fo r  the helper 
w i l l  e x is t  in  the p o s s ib i l i t y ,  p a r t ic u la r ly  f o r  males, th a t  i t  could 
a c tu a l ly  f e r t i l i z e  the female. Arrayed aga inst th is  is  the p o s s ib i l i t y ,  
and the consequences, o f  being caught, and the co-evolv ing a b i l i t y  o f 
the male to  re je c t  helpers w ith  the in c l in a t io n  to  t r y .
The question o f  who b e n e f its  the most from he lp ing , parents or 
he lpe r, re la te s  to  the suggestion o f Alexander (1974) th a t  helpers are a 
r e s u l t  o f  m anipulation by the parents. I f  a l l  the be ne fits  accrue to 
the parents, and none to  the he lpe r, than parents should evolve the a b i l ­
i t y  to  " c u l t iv a te "  some o f t h e i r  o f fs p r in g  to  ac t as fu tu re  helpers to 
themselves or o ther o f fs p r in g .  Conversely, i f  a l l  the b e n e f it  accrues to 
the he lpe r, then presumably b ird s  should evolve stratagems which would 
cause parents to to le ra te  them in  such a capac ity . More l i k e l y  i t  would 
seem th a t  the b e ne f its  are not dichotomously d iv id e d , w ith  the net b e n e f it  
going to  e i th e r  parents or he lper depending on the eco logical and behav­
io ra l  cond it ions  p e c u l ia r  to  each species.
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In fo rm a tion  on the Pygmy Nuthatch r e la t iv e  to  the above questions 
o f  sex, rep roduc tive  a b i l i t y ,  and genetic re la t io n s h ip  o f  the helper is  
inconc lus ive .
A l l  o f  the unspec if ied  number o f  helpers th a t  N orr is  co l le c te d  were 
males; the others were described as males on the basis o f  "p ro trac ted  
s tu d y ."  I would concur th a t  W6 behaved l i k e  a male (eg. he fed the 
fem ale); however, th is  b ird  was not c o l le c te d ,  in  deference to the wishes 
o f  the p roperty  owner. The best reason fo r  be lie v in g  th a t  a l l  helpers 
are males l i e s  in  the sex r a t io ,  which appears s tron g ly  skewed in  favor 
o f  males (N o r r is ,  1958). Tabula tion o f  over 900 museum specimens re ­
su lted  in  a male:female r a t io  o f  1,52:1 fo r  juvenal b irds  and 1.75:1 fo r  
a d u lts .  Assuming th a t  f i r s t  year b irds  are re p ro d u c t ive ly  mature, and 
N orr is  mentions several instances o f  f i r s t  year b irds  success fu lly  breed­
in g , then w ith  a sex r a t io  so skewed in  favo r o f  males i t  is  hard to  see 
how any females could remain unmated and be a va ila b le  to  act as helpers.
N orr is  also be lieved th a t  most helpers were f i r s t  year b ird s ,  though 
some were o ld e r .  Part o f  th is  b e l ie f  was based on knowledge o f  b irds  
banded as n e s t l in g s  o r f le d g l in g s ,  and thus o f  unquestionable age. In 
o the r cases, f i r s t  year b ird s  were id e n t i f ie d  on the basis o f  unspecified 
plumage characters. In fo rm ation  a v a i la b le  in  Ridgway (1904) and Bent 
(1948), however, in d ica te s  th a t  the f i r s t  basic plumage is  e s s e n t ia l ly  
d e f in i t i v e .  Hence, I have some reserva tions  about the accuracy o f  iden­
t i f i c a t i o n s  made in  th is  manner.
I f ,  f o r  whatever reason, threesomes are more successful than p a irs ,  
and the sex r a t io  reported by N o rr is  r e f le c ts  the actual s i tu a t io n  in  the 
po p u la t io n , then the question a r ises  as to  why helpers do not occur w ith
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g re a te r  frequency. T h e o re t ic a l ly  (and perhaps q u ite  u n r e a l is t ic a l l y ,  
depending on the normal k in  re la t io n s h ip s  o f  the helper and the number o f  
pa irs  su cce ss fu l ly  ra is in g  broods the previous y e a r) ,  helpers could be 
a v a i la b le  f o r  up to  70 per cent o f  nesting p a irs ,  instead o f  the 15 to 
20 per cent a c tu a l ly  observed. Perhaps some f i r s t  year b irds are not re ­
p ro d u c t iv e ly  mature, and are more l i k e l y  to  be in c l in e d  or to  be allowed
to  serve as he lpers. On the o ther hand i t  seems doubtfu l th a t second
year o r o ld e r  he lpers , which do occur, would be incapable of breeding i f  
they could acquire a mate. I t  would be in te re s t in g  to know the re la t iv e  
rep roduc tive  cond it ion  o f  f i r s t  year breeders, f i r s t  year helpers, and 
f i r s t  year non-breeding non-helpers, as well as o f any o lde r helpers.
I t  is  a lso  po ss ib le , o f  course, th a t  the measured male:female r a t io  
is  too h igh , because o f  some bias f o r  male b irds  to  be co lle c te d  more
e a s i ly  or id e n t i f ie d  more e a s i ly .  The sex r a t io  a t  f ledg ing  would a lso
be a va luab le  piece o f in fo rm ation .
No in fo rm ation  is  a v a i la b le  on the genetic  re la t io n s h ip  o f  Pygmy 
Nuthatch he lpers , though one would be surprised i f  they were anything 
but o f fs p r in g  from a previous year o r  s ib l in g s .  Fledged young remain 
w ith  the parents in  fa m ily  groups throughout the w in te r ,  and i t  seems 
reasonable to  be lieve  th a t  helpers would be young which were re ta ined 
from th is  group, the o the r young d ispers ing  on t h e i r  own or being driven 
o f f .
F in a l ly ,  as to  the question o f  how, or whether, the helper a c tu a l ly  
helps in the Pygmy Nuthatch, the major po in ts  are summarized and discussed 
below. I t  should be borne in  mind th a t  although the a c t i v i t y  o f  the 
he lper apparently  does re s u l t  in  some reduction  in  investment by the
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paren ts , a t  le a s t  in  terms o f  energy expenditure, i t  is  not c le a r  tha t 
t h is  n e cessa r ily  has any s ig n i f ic a n t  e f fe c t  in  terms o f  increased repro­
d u c t ive  p o te n t ia l  in  la te r  years. Rather, more important investments may 
be those which invo lve  a high r is k  o f  m o r ta l i t y ,  such as defending the 
nest aga inst a p reda to r, but l i t t l e  actual energy expenditure as compared 
to  a c t i v i t i e s  such as excavation o r  feeding (T r iv e rs ,  1972).
Excavation. For the b r ie f  time during which a helper, was present a t 
A5, i t  excavated more than the male and female combined, although th is  
could e a s i ly  be an a r te fa c t  o f  the small amount o f excavation observed. 
N o rr is  g ives no q u a n t i ta t iv e  data on th is  p o in t ,  other than to s ta te  th a t  
helpers were observed excavating. The data are inadequate to  in d ica te  
whether time spent in  excavation by a helper reduces the c o n tr ib u t io n  o f 
the male, the female, o r both. The h ig h ly  v a r ia b le  amount o f  excavation 
from s i t e  to s i t e  and the v a r i a b i l i t y  o f  the p ropo rtion  done by each sex 
in  a p a ir  suggest th a t  the reduction in  e f f o r t  by the male and/or female 
would a lso be v a r ia b le ,  and in  any event o f  l im ite d  s ig n if ica n ce  in  
terms o f  o ve ra l l  rep roduc tive  e f f o r t .  With the exception o f some bank- 
dw e ll ing  species o f  bee-eater (F ry , 1972), helpers described in  other 
species do not p a r t ic ip a te  in  excavation or nest b u i ld in g .
Prov is ion o f  nest m a te r ia l . Before the s ta r t  o f  incubation the 
he lper brought less m ate r ia l than e i th e r  the male o r the female, who 
brought about the same amount, Morris described the same s i tu a t io n .
A f te r  the s ta r t  o f in cub a t io n , however, the fem ale 's ro le  was reduced 
compared to  th a t f o r  females in  p a irs .  Conceivably a female in  a th ree ­
some might thus gain the advantage o f  being able to  spend more time f o r ­
aging w h ile  o f f  the nest. The nest m a te r ia ls  used, though, are not so
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e x o t ic  th a t  one would expect th a t  an appreciable amount o f time would be 
requ ired  f o r  t h e i r  a c q u is i t io n .
In cu b a tio n . Overall time on the nest and lengths o f a t te n t iv e  per­
iods f o r  the female in  the threesome were well w i th in  the range fo r  f e ­
males in  p a irs .  This should be expected i f  helpers are males, and there 
is  every in d ic a t io n  th a t  they are.
Feeding o f  fem ale. C on tr ib u t io n  by a helper could be o f  substan tia l 
importance to  a b ird  which spends up to  90 per cent o f the day on the 
nest; however, the he lper a t  A6 fed l i t t l e  compared to  the male, y ie ld in g  
a to ta l  feeding ra te  f o r  the two combined on ly somewhat higher than 
achieved by males in  pa irs  feeding alone. This pa tte rn  is  s im i la r  to  
th a t  reported f o r  the F lo r id a  Scrub Jay (Woolfenden, 1975) and may be an 
in d ic a t io n  th a t  the bond between female and helper is  not as great as 
th a t  between female and male. N o rr is  a lso reported th a t he lpers, un like  
males, d id not p a r t ic ip a te  in  "co u rtsh ip  feeding" o f  the female away from 
the nest.
Feeding o f  n e s t l in g s . The threesome a t A6 d id  not feed n e s t l in gs  
a t  a higher o ve ra l l  ra te  than d id p a irs .  N orr is  does not make a s p e c if ic  
q u a n t i ta t iv e  comparison between feeding rates fo r  pa irs  and threesomes.
Since each b ird  in  a threesome feeds a t  roughly the same ra te  (though 
females d e l iv e r  fewer items when spending time on the nest brood ing), then 
on the average a b ird  in a threesome needs to  gather 1/3 fewer food items 
than a b ird  in  a p a ir .  This could re s u l t  e i th e r  in  add it ion a l time spent 
searching f o r  each item (hence a la rg e r  or q u a l i t a t iv e ly  b e t te r  item ?), 
o r a d d it io n a l time a v a i la b le  f o r  the b i r d 's  own fo rag ing . There is  some 
evidence th a t  time spent in  acqu ir ing  a food item may be o f  considerable
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importance in  determ in ing the q u a l i t y  o f  th a t  item. This is  the case o f  
the female a t B1 feeding n e s t l in g s  a f te r  her mate had disappeared. A l ­
though she fed a t  the h ighest ra te  observed fo r  any b ird  during the 
study, equaling th a t  f o r  b irds  in  a p a ir  combined, the s ize o f the food 
items being d e live red  was obviously  sm aller than th a t  o f food items being 
de live red  by o ther b irds  to  ne s t l in g s  o f the same age; and the ne s t l in gs  
subsequently d ied. Of course, the smaller food items could have resu lted  
from abnormal fo rag ing  behavior under s tre s s fu l cond itions ra th e r  than 
from a lack o f time.
At times I a lso observed b irds  in  both pa irs  and threesomes foraging 
w ith  a food item held in  the b i l l ,  Possib ly these b irds  can c o l le c t  and 
ca rry  more than one food item a t  a t im e, but i t  is  a lso possib le th a t  
when another food item was encountered, one would be eaten and the other 
re ta ined  f o r  d e l iv e ry  to  the n e s t l in g s .  I f  the la t t e r  pa tte rn  were com­
mon, then a d d it io n a l time between d e l iv e ry  o f food items should enable 
a parent b ird  to  acquire  more food fo r  i t s e l f  and s t i l l  d e l iv e r  optimal 
items to  n e s t l in g s .
Although feeding o f  n e s t l in g s  is  the most common a c t i v i t y  in  which 
helpers p a r t ic ip a te ,  few s tud ies have made q u a n t i ta t iv e  comparisons of 
feeding rates a t  nests w i th  and w ith ou t he lpers. In one which did 
(Gaston, 1973), feeding ra tes were the same a t nests o f  the Long-ta iled  
T i t .  Equally u s e fu l,  i f  not more so, would be comparisons o f  growth 
curves f o r  n e s t l in g s .  The on ly  a v a i la b le  data on th is  po in t is  fo r  the 
Red-cockaded Woodpecker (L igon, 1970), in  which nes t l ings  fed by three 
helpers (1 case) weighed more a t  f le d g in g  than nes t l ings  fed by one 
he lper (1 case) or by the parents alone (3 cases). However, weight a t
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f le d g in g  may not necessa r i ly  be re leva n t to  subsequent su rv iva l (Wool­
fenden, pers. comm, in  W ilson, 1975).
T e r r i t o r y . N o rr is  reported th a t  o f  s ix  t e r r i t o r i e s  which he mea­
sured, the two la rg e s t  belonged to  two threesomes. Of three which I 
measured, the one belonging to a threesome was in term edia te in  s ize . My 
own impression is  th a t  in  many lo ca t io ns  the loca l d is t r ib u t io n  o f habi­
t a t  and a v a i l a b i l i t y  o f  nest s i te s  w i l l  be more important in  determining 
t e r r i t o r y  s ize  than the unproven a b i l i t y  o f  threesomes to  defend a la rge r 
area.
As mentioned p re v io u s ly ,  the above po in ts  do in d ica te  some reduction 
in  the energy expenditure o f  parents ass is ted by a he lper, but there is  
no way to  assess the s ig n if ic a n c e  o f  th is  in  terms o f  t h e i r  long-term 
rep roductive  success.
Because o f  the high ra te  o f  nest f a i l u r e ,  and the fa c t  th a t  a l l  nests 
f a i le d  com ple te ly , there  is  no evidence concerning the a b i l i t y  o f  helpers 
to  increase the number o f  young fledged. I f  the pa tte rn  o f  a l l -o r -n o th in g  
f le d g in g  success is  the ty p ic a l  one, then I would not expect th a t  the 
average number o f  young fledged from a successful nest would be higher 
fo r  threesomes than f o r  pa irs  (which says nothing about the more impor­
ta n t  number which su rv ive  to  breed). I do suspect, however, th a t  th ree ­
somes w i l l  f a i l  less o ften  than p a irs ,  because o f  the hypothetica l a b i l i t y  
o f  a he lper to  assume the ro le  o f  a deceased parent and the proven in ­
a b i l i t y  (a t  le a s t  in  one case, the female a t  81) o f  a s ing le  parent to  
ra is e  a brood.
E vo lu tion  o f  Helpers
F in a l ly ,  I wish to  consider ra th e r b r i e f l y  the phenomenon o f  helpers
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a t the nest in  the Pygmy Nuthatch v is -a -v is  some o f  the broader contexts 
which have been proposed as conducive to  the evo lu tion  o f  helpers. A 
common theme o f  these contexts is  the existence o f  a rep rod uc tive ly  in ­
a c t iv e  segment o f  the popu la tion , in a c t iv e  e i th e r  because i t s  members are 
not ab le to f in d  mates or because they are p h y s io lo g ic a l ly  immature.
From th is  popu la tion o f  non-breeders helpers may be drawn, sub ject to  
the s e le c t iv e  advantages and disadvantages fo r  the helper and helpee re ­
viewed p re v io us ly .
Brown (1974) considers th a t ,  among several possib le evo lu tionary  
tren ds , a skewed sex r a t io  is  one which, a t  le as t in  monogamous species, 
re s u lts  in  a non-breeding population from which helpers can be drawn.
The Pygmy Nuthatch c le a r ly  f i t s  th is  category, as do various species o f  
bee-eaters, which have helpers when the sex r a t io  is  skewed [ in  favo r o f 
males) and do not have helpers when the sex r a t io  is  u n ity  (F ry , 1972). 
Why the sex r a t io  may be skewed in  the f i r s t  place is  a question which 
has not been reso lved, but T r ive rs  (1972) has argued th a t  the monogamous 
mating system which charac te rizes  most species o f b irds  w i l l ,  as a d i r e c t  
r e s u l t  o f  the rep roduc tive  s tra te g ie s  invo lved, tend to  produce a d i f f e r ­
e n t ia l  m o r ta l i t y  by sex which w i l l  r e s u l t  in  an excess o f  males in  many 
species. This by no means im p lies  th a t  in  a l l  such species we should 
expect to  f in d  he lpe rs , because the r e la t iv e  advantages and disadvantages 
w i l l  be d i f f e r e n t  in  each species depending on other fa c to rs .  For in ­
stance, we might expect helpers to develop in  a sedentary permanent re ­
s id en t w ith  a soc ia l o rg an iza tion  b u i l t  around fa m ily  groups ( i e . .  Pygmy 
Nuthatch) in  which k in  are a v a i la b le  and are known as k in ;  we should not 
expect helpers in  a m ig ra to ry  species or any species in  which m ixture or
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d ispe rsa l o f  in d iv id u a ls  re s u lts  in  a low p ro b a b i l i t y  th a t  k in  are a v a i l ­
ab le and th a t  they are known as k in (Brown, 1974).
I t  has a lso been suggested (F ry , 1972) th a t  a reserve o f  experienced 
in d iv id u a ls  could be a means o f  f i n e ly  reg u la t in g  population numbers when 
environmental con d it ion s  are s tab le  and recovering from crashes when con­
d i t io n s  f lu c tu a te  w ide ly . Apart from the dependence o f  the e n t ire  con­
cept on group s e le c t io n ,  the l a t t e r  hypothesis would seem to  be o f 
l im i te d  s ig n if ic a n c e  i f ,  as in  the Pygmy Nuthatch, a l l  the reserve were 
o f  one sex.
R ick le fs  (1975) proposed th a t  in  species w ith  high annual recru itm ent 
and/or low a d u lt  m o r ta l i t y ,  delayed reproduction would re s u l t  from com­
p e t i t io n  o f  young b irds  w ith  experienced a d u lts . Helpers would evolve 
from th is  non-breeding popu la tion . In the Pygmy Nuthatch i t  appears th a t  
m o r ta l i t y  is  high (approaching 60 per cent per year fo r  a d u lts ,  N o rr is ,  
1958), and th a t  recru itm en t is  low (56 per cent a t time o f f le d g in g ,  pre­
sent s tudy). N o rr is  does not g ive f ig u re s  fo r  nest m o r ta l i t y ,  although 
he notes th a t  several nests were lo s t  to  predators. Also reproduction is  
not delayed beyond the f i r s t  year, a t  le a s t  in some cases, and in  any 
event i t  ha rd ly  seems l i k e l y  th a t  th is  would be an advantage in  a small 
passerine b ird  whose average l i f e  span includes on ly two breeding seasons 
(N o r r is ,  1958). This theory  may be a p p l ica b le ,  however, to  the jays 
s tud ied by Brown (1972) and Woolfenden (1975).
I t  should be apparent by now th a t  I accept the idea th a t  an excess 
o f  males in  Pygmy Nuthatch popu la tions , combined w ith  a t i g h t - k n i t  soc ia l 
o rgan iza tion  and environmental cond it ions  which may tax the a b i l i t y  o f 
pa irs  to  ra ise  young, are con d it ion s  which make the appearance o f helpers
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somewhat in e v i ta b le .  I t  remains to  be demonstrated, however, in  pre­
c is e ly  what ways advantages accrue to  parents, he lpers, or both. Unfor­
tu n a te ly  th is  in fo rm ation  can on ly  be obtained by d e ta iled  study, over 
several years, o f  la rge  numbers o f  b ird s . Although the Pygmy Nuthatch is  
in  some ways a t ra c ta b le  species (common, sedentary, e a s ily  banded) i t  is  
in  many ways a lso a very d i f f i c u l t  species to  work w ith  (sm a ll,  nests 
sometimes in access ib le , nests always in  c a v i t ie s ,  low proportion o f  pa irs  
w ith  he lpers , high m o r ta l i t y ) .  P o ten tia l fu tu re  studies would have to 
c a r e fu l ly  weigh the considerable e f f o r t  which would be involved against 
the value o f  the in fo rm ation  which might be obtained.
W inter F locking
In s p i te  o f some o ve ra l l  trend towards niche broadening, in  l i g h t  o f  
the small sample sizes obtained i t  seems unwarranted to in fe r  th a t my 
data support o r  re fu te  ideas th a t  b irds  in  mixed-species f lo c k s  gain some 
advantage, e i th e r  through increased forag ing e f f ic ie n c y  re s u lt in g  from 
increased niche s p e c ia l iz a t io n  or through the opportun ity  to  e x p lo i t  new 
areas by copying o the r species. Evidence in  the l i t e r a tu r e  also does 
not g ive strong support to  e i th e r  idea.
Although "so c ia l le a rn in g "  among species which f lo c k  has been demon­
s tra te d  exper im en ta lly ,  both in t r a s p e c i f ic a l ly  (Krebs, MacRoberts, and 
Cu llen, 1972; Turner, 1965) and in te r s p e c i f ic a l ly  (Krebs, 1973), i t  can 
be argued th a t  these a r t i f i c i a l  cond it ions  are an u n re a l is t ic  r e f le c t io n  
o f  normal pa tte rns in  the w i ld .  A lso , soc ia l learn ing would on ly seem 
poss ib le  between species which were a lready s im i la r  e c o lo g ic a l ly ,  such 
as Mountain and Black-capped Chickadees. I t  would not be expected to 
occur between Hairy Woodpeckers and Mountain Chickadees, or between
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W hite-breasted Nuthatches and Golden-crowned K in g le ts ;  ye t a l l  these 
species occur toge the r. D i f fe re n t  species o f  sea b irds  w i l l  congregate 
when one f in d s  a lo ca l concentra tion o f food (Sealy, 1973), but th is  is  
a s h o r t - l iv e d  phenomenon which is  not comparable to  mixed-species f lo cks  
which h a b i tu a l ly  forage toge the r.
Morse (1970) stud ied fo rag ing  pa tte rns in  mixed-species f lo c k s  of 
woodland b irds  over a l l  sections o f  the country , ye t .a c tu a l changes in  
fo rag ing  pa tte rn  occurred on ly  in  a few combinations o f species where 
one species was c le a r ly  subordinate to another, and narrowed i t s  niche 
through avoidance o f the dominant. Conversely, Austin and Smith (1972) 
found th a t  dominant species in  f lo c k s  might be increasing forag ing d iv e r ­
s i t y  by avoid ing in te ra c t io n s  w ith  o ther species and seeking new areas. 
However, even accepting the fa c t  th a t  these so rts  o f in te ra c t io n s  do 
occur between some f lo c k  members, i t  is  hard to  see a general mechanism 
whereby th is  could lead to  in te r s p e c i f ic  f lo c k  development. I f  a narrowed 
fo rag ing  niche were advantageous, then i t  should be advantageous w ith  or 
w ith ou t other species present, and should not requ ire  th a t  a b ird  should 
jo in  w ith  o ther species, there  to  be forced in to  a narrower niche than 
i t  would otherwise occupy. In f a c t ,  in te rs p e c i f ic  encounters .between 
f lo c k in g  b irds  are  very in frequen t (Morse, 1970; Austin and Smith, 1972; 
Bock, 1969).
Again, making the same p o in t as was applied to  the idea o f  niche 
broadening, i t  seems th a t  even i f  niche s p e c ia l iz a t io n  might occur in 
f lo c k s  through the in te ra c t io n  o f  e c o lo g ic a l ly  s im i la r  species, i t  would 
have no relevance to  those which are e c o lo g ic a l ly  q u ite  d is s im i la r  to  be­
g in  w i th ,  i e . ,  the aforementioned woodpeckers and chickadees.
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We should a lso  remind ourselves th a t  any idea proposing advantages 
to  changes in  fo rag ing  lo c a t io n ,  even among s im i la r  species, im p l i c i t l y  
assumes th a t  the species involved are ge n e ra l is ts  enough to be able to 
change fo rag ing  lo c a t io n .  There can be no sp e c ie s -spe c if ic  dependence on 
lo c a t io n -s p e c i f ic  kinds o f food items; nor can there be any species- 
s p e c i f ic  r e s t r i c t io n  to  s p e c i f ic  loca tions  because o f f in e ly  tuned mor­
pho log ica l d i f fe re n c e s .  For the p a r t ic u la r  species in  question these
appear to  be reasonable assumptions, but i f  they are no t,  then one should 
expect changes in  fo rag ing  lo ca t io n  to be much less l i k e ly .
The hypothesis which a t  th is  p o in t appears most lo g ic a l to  me is  
th a t  proposed by Moynihan (1962). I f  the primary advantage o f  f lo c k s ,  
whatever th a t  i s ,  is  achieved in  simple numbers o f in d iv id u a ls ,  then 
mixed f lo c k s  o f  e c o lo g ic a l ly  d iverse species should reduce the in t r a ­
s p e c i f ic  com petit ion  th a t  would otherwise r e s u l t .  Furthermore, b irds  
which are sedentary, permanent res idents -  and a l l  o f  the species forming 
the f lo c k s  th a t  I looked a t  are in  th is  category - might a lso gain an 
a d d it io n a l advantage by reducing the distance they have to  t ra v e l from
th e i r  home t e r r i t o r y  in  order to jo in  a f lo c k  o f  optimal s ize . In th is
regard, I would expect th a t  the r e la t iv e  numbers o f In d iv id u a ls  o f each 
species in  a f lo c k  would d i r e c t ly  r e f le c t  the re la t iv e  population dens ity  
o f  those species.
As fo r  the advantage o f  f lo c k in g  i t s e l f ,  I w i l l  s ta te  my present 
in c l in a t io n  to accept the idea th a t  f lo c k in g  is  an adaptation which per­
m its  each in d iv id u a l b ird  to  in ve s t more time in  forag ing or o ther bene­
f i c i a l  a c t i v i t y ,  w h ile  the f lo c k  as a whole maintains the same leve l o f 
a le rtness  f o r  predators and o ther hazards. In the temperate zone th is
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would be o f  p a r t ic u la r  importance during the w in te r  months when thermo­
re g u la to ry  demands on metabolism are grea tes t and food a v a i l a b i l i t y  
u s u a l ly  low. Above a c e r ta in  number, however, ad d it io n a l b irds  in  a - f lo c k  
would not s ig n i f i c a n t l y  increase the time which each could spend forag ing 
(P u ll ia m , 1973), and might increase com petit ion to  unaccaptable le v e ls .  
Various s tud ies o f  insectivo rous b ird  f lo cks  have shown an average f lo c k  
s ize  ranging from 10 to 17 (reviewed in  Austin and Smith, 1972). The 
average from the present study f a l l s  n ic e ly  w i th in  th a t  range.
I t  is  a lso in te re s t in g  to  note th a t  among the smaller b irds  occur­
r in g  in  these f lo c k s ,  f o r  whom thermoregulatory demands would be g re a te s t,  
many form sm all, s tab le  soc ia l un its  during the w in te r  months, thus assur­
ing the b e n e f its  o f  an a t  le a s t  minimal f lo c k  s ize . Family u n its  may 
form the basis f o r  these u n its  in  the Pygmy Nuthatch, though apparently 
not in  the Black-capped Chickadee (Weise, in  Ficken and W itk in ,  1977;
Smith, 1975) and Mountain Chickadee (Minock, 1971, 1972).
This hypothesis o f  increased forag ing  time re s u lt in g  from reduced 
s u rv e i l la n c e  does not seem to  have been e x p l i c i t l y  tested fo r  in s e c t iv ­
orous woodland b ird s ;  however, in  experimental groups o f S ta r l in g s ,  b irds  
in  f lo c k s  spent less time in  su rve il la n ce  and detected predator models 
more ra p id ly  than d id  s o l i t a r y  b irds  (Powell, 1974). Single S ta r l in g s  in  
f lo c k s  o f  T r i-c o lo re d  B lackb irds a lso reduced su rve il la n ce . I t  has also 
been found th a t  in d iv id u a l Wood Pigeons feed a t lower ra tes than those in  
f lo c k s  (Murton, 1968).
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CHAPTER V 
SUMMARY
Breeding a c t i v i t y  o f  the Pygmy Nuthatch was studied in  an attempt 
to  gain more in fo rm ation  concerning the occurrence and ro le  o f  helpers 
a t  the nest reported in  th is  species (N o rr is ,  1958).
F i f t y - f i v e  b irds  were banded on two study areas near Missoula, Montana
during February o f  1976. Twelve a c t ive  nest s ite s  were subsequently lo ­
cated and observations continued a t some o f  these through June, 1976. 
Helpers were observed a t  two nest s i te s ,  but a t  on ly  one d id  i t  p e rs is t  
a t the s i t e  throughout the breeding period. At the other s i t e  the helper
disappeared a f t e r  p a r t ic ip a t in g  in  c a v i ty  excavation over a period o f
two weeks.
The he lper, probably a male, p a r t ic ip a te d  in  excavation o f  nest 
c a v i t ie s ,  d e l iv e ry  o f  nest m a te r ia l ,  feeding o f  the female during incuba­
t io n ,  feeding o f  n e s t l in g s ,  and removal o f  feca l sacs. P a r t ic ip a t io n  by 
a l l  th ree  b irds  in  a threesome was roughly equal, although the helper was 
less a c t iv e  than the male in  feeding the female. The p a ir  w ith  helper 
d id  not feed n e s t l in g s  a t  a higher ra te  than pa irs  w ithou t a helper. 
T e r r i to r ie s  were mapped fo r  three nest s i te s ;  the area fo r  the p a ir  w ith  
he lper was in te rm ed ia te  in  s ize . Only two nest fledged succe ss fu lly ,  one 
o f  them the one w ith  the he lper.
In sum, the data in d ica ted  th a t  a c t i v i t i e s  o f the helper reduced 
somewhat the energy expenditure o f  the parents, however, the s ig n if ica n ce
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o f  t h is  in  terms o f  the fu tu re  reproductive  p o te n t ia l o f  the parents is  
unknown. I t  was a lso  impossible to  assess the possib le  bene fits  or r is k s  
to  the he lper in  terms o f  i t s  fu tu re  reproductive  p o te n t ia l .  As fo r  the 
co n d it ion s  which lead to the evo lu t io n  o f  helpers in  th is  species, i t  is  
suggested th a t  these inc lude the excess o f  males in  the popu la tion , the 
s ta b le ,  c lo s e ly  k n i t  soc ia l o rg an iza tion , and environmental cond itions 
which may tax the a b i l i t y  o f  pa irs  to success fu lly  ra ise  a brood.
A d d it io na l in fo rm ation  was co l le c te d  during January o f  1977 on the 
fo rag ing  niche o f  Pygmy Nuthatches, Black-capped Chickadees, and Moun­
ta in  Chickadees occurr ing  together in  f lo cks  o f  varying composition.
This was done w ith  the hope o f being able to  te s t  a l te rn a te  hypotheses 
th a t  niches o f  e c o lo g ic a l ly  s im i la r  species might narrow (Morse, 1970) 
or broaden (Krebs, 1973) when they forage together.
Comparisons o f  frequency d is t r ib u t io n s  o f observations o f b irds  in  
s ix  fo rag ing  zones showed no s t a t i s t i c a l l y  s ig n i f ic a n t  d if fe rences  when 
species were together o r alone in  the same f lo c k ,  except th a t  Black-capped 
Chickadees used upper zones more in  the presence o f  Pygmy Nuthatches.
The same comparisons were made when species were alone or together in  the 
same t re e ,  w ith  the same r e s u l t .  Temperature had no e f fe c t  on forag ing 
lo c a t io n ,  o r  on f lo c k  s ize .
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